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ABSTRACT 


A remarkably well-preserved molluscan fauna 
in the Solsville Member (Marcellus Formation) of 
the Chenango Valley, New York, provides a rare 
opportunity to explore the functional morphology, 
paleoecology, and systematic relationships of sev¬ 
eral poorly understood Devonian bivalve taxa. 

Over 350 recrystallized shells and internal molds 
from several localities in Madison County, New 
York, were collected and prepared for this study. 
The majority of these provide valuable new data 
on hinge, ligament, adductor and byssal/pedal 
musculature, and pallial morphology. Ten genera 
and 14 species are represented. Only one new tax¬ 
on is recognized, Nuculoidea deceptriformis, new 
species. 

Study affirms the contention of Williams (1886) 
and McAlester (1962a) that large numbers of spe¬ 
cific and generic names applied to Devonian bi¬ 
valves are biologically meaningless owing to taxo¬ 
nomic oversplitting by early authors. The 
nomenclatural chaos inherited from them evi¬ 
dently stems from (1) lack of adequate morpho¬ 
logical data, especially on the hinge and internal 
features; (2) definitions too narrowly based, i.e., 
often on as few as one or two specimens; (3) broad 
variation introduced by preservational differences 
or different postdepositional histories; (4) the fail¬ 
ure of early authors to stress genetic, ecopheno- 
typic and ontogenetic shell variations; (5) paro¬ 
chialism among past authors resulting in few 
transatlantic comparisons of European and Amer¬ 


ican species. With these observations in mind, the 
erection of new names has been largely avoided. 
Generic usages have been reviewed and, in most 
instances, revised. Roughly 150 evaluations and 
comparisons of other North American and Eu¬ 
ropean species have been incorporated using the 
improved morphologic data supplied by the Sols¬ 
ville collection as a basis for comparison. About 
160 possible synonyms have been suggested; 73 
of these are new. In several instances more familiar 
North American names are superseded by earlier 
European ones. 

Paleoecologic reconstruction of the Solsville 
suggests two distinctive nearshore marine deltaic 
bivalve communities: (1) the Gosseletia commu¬ 
nity dominated by epifaunal and semi-infaunal 
byssate filter feeders associated with arenaceous 
sediments, and (2) the Nuculoidea community 
characterized by abundant deposit feeders in more 
argillaceous substrates. An autecological interpre¬ 
tation of each taxon is provided. 

Biogeographic comparisons with several other 
Devonian faunas in North America and Europe 
are investigated. Evidence suggests that (1) the Ap¬ 
palachian and Midwestern North American taxa 
of the Middle Devonian are closely allied with the 
Lower to Middle Devonian taxa of central Europe; 
(2) the Michigan Basin fauna contains numerous 
North American endemics; and (3) Western North 
American taxa have fewer relations to Appala¬ 
chian taxa than earlier authors have supposed. 


INTRODUCTION 


In view of the excellent preservation of bi¬ 
valves in the Solsville beds of New York, a 
rare opportunity to examine functional mor¬ 
phology of several poorly known Devonian 
taxa and to assess their relationships to sim¬ 
ilar European Devonian taxa is afforded. Such 
a clarification, which is the primary function 
of this study, is an essential prerequisite for 
proper evaluation of bivalve biogeographic 
and biofacies distributions as well as species 
autecology. 

Relatively few comprehensive treatments 
of Devonian bivalves have been published 
since the classic monographs of James Hall 
(1884, 1885), Freeh (1891), and Beushausen 
(1895), the first of which concerns American 
taxa, and the other two deal with species from 
the Rhineland of Germany. Although the 


works of Freeh and Beushausen have been 
largely ignored by subsequent American au¬ 
thors, Hall’s systematics have been vigor¬ 
ously attacked, notably by H. S. Williams 
(1886), and more recently by McAlester 
(1962a). As Williams (p. 194) indicated, “im¬ 
patience naturally becomes extreme when we 
look at the prodigious amount of alteration 
which has been made in the identification, 
both specific and generic, in the plates illus¬ 
trating the fossils supposed to be represen¬ 
tative types. 

“.. . In the final work, 1885, generic and 
specific names are changed, in most cases with 
no reason given, occasionally with the note 
‘by error’ inserted in the list of synonyms. 
These alterations are not a simple few, but 
for the plates and explanations, there is an 
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average of one alteration of identification for 
every species in the book.” 

Williams concluded that these mistakes 
were not simple errors but occurred because 
taxonomic systems by which species were 
conceived and defined were entirely too rigid, 
lacking flexibility to account for either intra¬ 
specific variation or preservational differ¬ 
ences. Consequently, specimens displaying 
minor phenotypic or preservational distinc¬ 
tions were treated as additional species. As 
Williams (p. 196) further indicated, “The evil 
of this species making habit is only aggra¬ 
vated by the minuteness and carefulness of 
the observer, and in the study of fossils it is 
particularly aggravated by the rarity of good 
specimens and the imperfection of the char¬ 
acters expressed. In its extreme [indicating 
Hall’s work] it has ceased to be a classifying 
of organisms, or even fossils, and has become 
merely a narration of the differences exhib¬ 
ited by specimens.” 

The result of Hall’s exuberance in defining 
species is the splitting up of what are often 
morphological continua (morphoclines) into 
separate morphospecies, producing a system 
of classification with neither biological valid¬ 
ity nor operationally pragmatic value. Again, 
to quote Williams, “species and genera can 
scarcely be called good, so long as the author 
himself is unable to distribute the typical 
specimens, twice alike, without reference to 
the labels.” 

It would be grossly unfair, however, to 
blame Hall for generating all the present con¬ 
fusion, because oversplitting of taxa was 
widespread among Hall’s American and Eu¬ 
ropean contemporaries. Intractable taxo¬ 
nomic practices, for example, are evident in 
works of Beushausen (1895) and Freeh (1891). 
In one instance in particular, Freeh, despite 
reasonable arguments of Follmann (1885) to 
the contrary, insisted on maintaining undue 
specific distinction between two morpholog¬ 
ically identical forms, “ Pterinea ” fasciculata 
Goldfuss from the Rhineland and “P.” fla- 
bella (Conrad) from eastern North America, 
on the basis of geographical separation alone. 
Freeh in his time, of course, could not have 
realized the proximity of North America 
and Europe during the Devonian. 

Certain later authors perpetuated the tra¬ 


dition of nomenclatural excesses established 
by these pioneering works. For example, 
among the 108 bivalve species and varieties 
treated by Spriestersbach and Fuchs (1909), 
Fuchs (1915), and Spriestersbach (1915), 81 
were new with an average of 76 percent new 
names per work. Williams himself, who had 
previously been so adamantly critical of Hall’s 
work, as McAlester (1962a, p. 11) stated, 
“later lapsed into nomenclatural abuses which 
make Hall’s seem harmless.” In Williams and 
Breger’s (1916) study of the fauna of the Low¬ 
er Devonian Chapman Sandstone of Maine, 
for example, of the 51 species and varieties 
of bivalves described, 39 were new. And, a 
surprising number of holotypes of these are 
unrevealing fragments which cannot be con¬ 
vincingly classified even at the ordinal level. 
By 1917, Williams’s deteriorating taxonomic 
philosophy openly encouraged nomenclatur¬ 
al extravagance. His “metamorphic species” 
concept weighted biologic variation and pres¬ 
ervational effects equally. Morphologic char¬ 
acters introduced by postdepositional events, 
he asserted (1917, p. 52), are “as clear and 
distinct as if they were original characters, 
and in description and illustration must be 
treated as any other fossils.” 

Stratigraphic paleontologists including 
Walcott (1884) and Clarke (1908, 1909) ex¬ 
hibited a tendency to apply specific names in 
accordance with previously described strati¬ 
graphic occurrences rather than on detailed 
morphological study. Such a practice main¬ 
tains undue taxonomic distinctions, for ex¬ 
ample, among Lower and Middle and even 
Lower and Upper Devonian bivalve species. 
In Europe and North America the resulting 
succession of stratigraphically applied spe¬ 
cific names emulates progressive phyletic 
change, effectively masking the long-term 
evolutionary stability seen here in many of 
these species. 

McAlester stated that prior to his study of 
Upper Devonian (Chemung) bivalves of New 
York he was skeptical of previous criticisms 
of the systematics of Devonian bivalves. 
However, he concluded (1962a, p. 10), “as 
the revision progressed, my skepticism di¬ 
minished. I believe that the analysis of mor¬ 
phologic variation in the many large samples 
available to me has proved conclusively that 
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the earlier species were grossly oversplit and 
were therefore biologically meaningless.” 
McAlester further described the need for 
modem critical examination and revision at 
the specific level as “pressing” and, at the 
generic level, as “an urgent necessity” stating 
that “this study [1962a] has convinced me 
that it is now all but impossible to apply a 
meaningful generic name to a Devonian pe- 
lecypod.” 

One important reason that the systematics 
of Devonian bivalves has remained in such 
turmoil is the general lack of well-preserved 
material exhibiting the important internal 
details of hingement and musculature, the 
past affinities having often been based upon 
such superficial characters as shell shape and 
sculpture. Even McAlester’s cited study as 
well as recent paleoecological studies of Pa¬ 
leozoic bivalves, such as that of Stanley 
(1972), have been in large part similarly based. 

A second reason for the continuing con¬ 
fusion is that many American authors have 
seemed generally unaware of the wealth of 
European Devonian bivalve literature and 
vice versa (see for example Babin’s remarks, 
1973, p. 66). The result has been the prolif¬ 
eration of synonyms and few meaningful 
transatlantic comparisons. 


EVALUATION OF PREVIOUS 
STUDIES 

The comprehensive monographs of Freeh 
(1891) and Beushausen (1895) describe ex¬ 
tensive new European Devonian bivalve 
species and summarize similar material de¬ 
scribed in numerous faunal studies and trea¬ 
tises of earlier authors including d’Archiac 
and de Vemeuil (1842), various works of 
Kayser, Oehlert, A. Roemer and F. Roemer, 
and especially Goldfuss (1834-1840), Sand- 
berger and Sandberger (1850-1856), Stein- 
inger (1853), Keferstein (1857), Maurer 
(1886), Holzapfel (1882, 1885), Beushausen 
(1884, 1889) and Follmann (1885). In North 
America Hall’s twin volumes (1884, 1885) 
served much the same purpose incorporating 
all of the bivalve material of Conrad (e.g., 
1838, 1841, 1842) as well as the previous 
studies of Hall (e.g., 1843, 1859, 1883) and 


Hall and Whitfield (e.g., 1869, 1872). The 
significance of Hall’s (1884, 1885), Freeh’s 
(1891) and Beushausen’s (1895) works can¬ 
not be overly emphasized, and no works pub¬ 
lished since have equaled them in regard to 
their importance in the systematics of De¬ 
vonian bivalves. The type material on which 
Hall’s studies were based in still mostly ex¬ 
tant and is housed in several collections (e.g., 
the American Museum of Natural History, 
the New York State Museum, and the Na¬ 
tional Museum of Natural History, Smith¬ 
sonian Institution). However, the original 
materials of Beushausen and Freeh have be¬ 
come dispersed and important portions of the 
collections were lost or destroyed during the 
Second World War. 

In Europe a proliferation of mostly Ger¬ 
man and French Devonian systematics works 
which either discuss or mention many taxa 
described by Beushausen and by Freeh ap¬ 
peared during the early part of this century. 
Many of these authors deserve mention (in¬ 
cluding Asselberghs, Dahmer, Dienst, Drev- 
ermann, Kegel, Maillieux, Maurer, Mauz, 
Rose, Schmidt, Spriestersbach, and Vietor) 
but space here prohibits a complete listing. 
For an exhaustive bibliography of these early 
works, see Maillieux’s (1937) study of the 
Lower Devonian bivalves of the Ardennes of 
Belgium. This comprehensive work is among 
the most significant since the monographs of 
Freeh, Beushausen, and Hall. However, 
Maillieux’s descriptions are rather superfi¬ 
cial, and his plates are occasionally ambig¬ 
uous and surprisingly few considering the 
breadth of treatment. His primary contri¬ 
butions are bibliographic compilation and the 
development of extensive synonymies. 

Following Maillieux’s studies, interest in 
European Devonian bivalves has continued. 
For example, a few fragmentary early De¬ 
vonian German species were described by 
Dahmer (1942). Dechaseaux’s (1952) well 
known general treatise on the classification 
of the Bivalvia mentions a few Devonian taxa. 
Haffer (1959) examined the hinge structures 
in numerous European palaeoheterodont 
species. Babin’s studies (1966, 1973) of 
French and Middle Eastern taxa are among 
the most significant since Maillieux. Recent¬ 
ly, Bailey (1975, 1978a, 1979a, 1979b, 1979c) 
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compared many European and North Amer¬ 
ican Devonian taxa. 

Besides Hall’s (1884, 1885) monumental 
studies, numerous subsequent works have 
contributed significantly to present knowl¬ 
edge of Devonian bivalves in the Western 
Hemisphere. Owing to preservation, many of 
these are rather cursory concentrating largely 
on external shell morphology. Walcott (1884) 
described several poorly preserved bivalve 
taxa from the Devonian of Nevada. Whit- 
eaves (1889, 1891, 1892, 1898) treated a 
number of species occurring in Canada. Net- 
tleroth (1889) published a few descriptions 
and drawings of bivalves from the Devonian 
of Kentucky. Clarke (1899, 1900) discussed 
Devonian molluscs of Para, Brazil. Kindle 
(1901) treated many of the same species con¬ 
sidered by Nettleroth from the Sellersburg 
beds of southern Indiana. Clarke (1904) de¬ 
scribed a number of species from the Upper 
Devonian (Portage) beds of western New 
York. Knod (1908) described a fauna from 
Bolivia. Clarke (1908, 1909) discussed early 
Devonian taxa in New York, Maine, and the 
Maritime Provinces of Canada. Cleland 
(1911) examined bivalves from the Devo¬ 
nian of Wisconsin (Milwaukee Formation). 
Kindle (1909,1912) described bivalves in the 
Ouray Limestone of Colorado and the Onon¬ 
daga of the Allegheny region. Ohem and 
Maynard (1913), Prosser and Kindle (1913) 
and Clarke and Swartz (1913) treated, re¬ 
spectively, the Lower, Middle, and Upper 
Devonian bivalve taxa in Maryland and Vir¬ 
ginia. Williams and Breger’s (1916) revision 
of Clarke’s (1909) bivalves from the Lower 
Devonian Chapman Sandstone of Maine 
often resulted in a senseless oversplitting of 
taxa. Pohl (1929) essentially repeated Cle- 
land’s (1911) earlier work. Although photo¬ 
graphs used in Pohl’s work are generally su¬ 
perior to Cleland’s drawings, Pohl’s work is 
rife with new species which appear often un¬ 
justified. Cleland’s more conservative ap¬ 
proach to the systematics of this fauna is, in 
some respects, more reasonable. Savage 
(1930, 1931) listed and figured several taxa 
earlier described by Nettleroth (1889) and 
Kindle (1901). Willard (1939) made a note¬ 
worthy contribution to the knowledge of 
Middle and Upper Devonian faunas of Penn¬ 


sylvania, but his bivalves are fragmentary, 
his plates unclear, and misidentifications nu¬ 
merous. Newell (1938, 1942) touched on a 
few Devonian taxa in his venerable treat¬ 
ments of late Paleozoic Mytilacea and Pec- 
tenacea. Stoyanow (1948) described bivalves 
in a molluscan faunule from the Devonian 
Island Mesa beds of Arizona. LaRocque 
(1950) described the pre-Traverse Devonian 
bivalves of Michigan. McAlester (1962a, 
1963a, 1963b, 1965, 1966, 1968) made a 
number of significant contributions including 
studies of the Upper Devonian bivalves of 
New York and Missouri, Devonian bivalves 
of Antarctica, and Paleozoic nuculoid type 
species. Ellison (1965) gave an account of 
numerous taxa from the Mahantango For¬ 
mation of Pennsylvania. Some discussion of 
important Devonian ambonychiid genera is 
presented by Pojeta (1966), and certain De¬ 
vonian pholadomyaceans are treated by 
Bambach (1971) and Runnegar (1974). Wil¬ 
son (1975) described the bivalve fauna of the 
Devonian Silica Formation of Ohio and sum¬ 
marized occurrences of various taxa in the 
Midwest. The Treatise volumes (Moore, 
1969) represent an invaluable summary of 
the general knowledge of fossil bivalves, but 
discussion is largely limited to supraspecific 
levels. 

The Solsville materials presented here were 
first treated in preliminary form by Bailey 
(1975); the present work is a revised and ex¬ 
panded version of that earlier study. A dis¬ 
cussion of Lower and Middle Devonian bi¬ 
valve paleobiogeography with specific 
reference to this bivalve fauna is presented 
in Bailey (1978a). For an analysis of relict 
ultrastructure in several of these same taxa, 
the reader is referred to Carter and Tevesz 
(1978a, 1978b). 

NOTATION 

Contributing Institutions: The follow¬ 
ing abbreviations are used in the figure ex¬ 
planations and text to denote institutions 
which have contributed fossil materials, data, 
or collecting localities: 

AMNH, American Museum of Natural History, 

New York, New York. 
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NYSM, New York State Museum, Albany, New 

York. 

USNM, National Museum of Natural History, 

Smithsonian Institution, Washington, D.C. 
YPM, Peabody Museum of Natural History, Yale 

University, New Haven, Connecticut. 

Loc., Locality. 

Catalogued bivalve types and figured speci¬ 
mens of early authors (e.g., Hall, Hall and 
Whitfield, Conrad, etc.) in the reference col¬ 
lections of the first three of the above insti¬ 
tutions are listed in Whitfield and Hovey 
(1898-1901), Clarke and Ruedemann (1903), 
and Merrill (1905). 

Synonymies: Within the lists North Amer¬ 
ican and European synonyms (or homonyms 
if preceded by “not”) are grouped separately. 
If the senior synonym is a North American 
name, synonymous North American species 
are listed before European synonyms. If the 
senior synonym is a European name, Euro¬ 
pean synonyms are given first. Within syn¬ 
onym sets the order is chronological except 
where variants of a given name are listed to¬ 
gether. Synonyms not seen in previously pub¬ 
lished lists or discussions are noted by a dag¬ 
ger [f]. Names left unmarked include 
homonyms and common, forgotten, or im¬ 
plied synonyms of either the senior synonym 
or one of its junior synonyms. Only syn¬ 
onyms and homonyms verified by the writer 
are included in the lists. All other references 
are omitted. 

CLASSIFICATION 

The scheme adopted here is that of Newell 
(1965; and Moore, 1969). Pojeta’s (1975, 
1978) recent modifications have not been used 
for the following reasons: 

(1) Pojeta (1978) proposes subdividing the 
Bivalvia into seven subclasses on the basis 
of its primary radiation which he believed 
occurred in the Ordovician. However, recent 
evidence (MacKinnon, 1982) suggests that 
heretofore unrecognized phases in the pri¬ 
mary radiation occurred as early as middle 
Cambrian. Moreover, the odd mixture of 
morphologies seen in Tuarangia MacKinnon 
does not comfortably fit among the seven 
subclasses and even suggests possible phy- 
letic relations between palaeotaxodonts and 
pteriomorphs. Hence, I prefer to retain New¬ 


ell’s widely used scheme until the earliest 
phases of bivalve diversification are more 
fully explored. 

(2) Devonian groups do not always fit sub¬ 
class diagnoses based on dentition as pre¬ 
scribed by Pojeta (1978). Among the cary- 
diids this would necessitate placement of 
member species of Carydium in two different 
subclasses. 

(3) Pojeta suggests that the Isofilibranchia 
(the mytilaceans and their ancestors) are at 
best limited to subumbonal anterior teeth and 
cites modiomorphids as primary examples. 
As shown here, however, Modiomorpha ac¬ 
tually has a heterodont arrangement with 
weak posterior laterals. Moreover, its mor¬ 
phology seems more similar to certain ve- 
neroids (e.g., permophorids and hippopo- 
diids) than it does to the mytilids. Other 
modiomorphids such as Tanaodon have 
strong posterior elements as part of a contin¬ 
uous actinodont series. For these reasons I 
prefer tentatively to retain the modiomor¬ 
phids within Newell’s Subclass Palaeoheter- 
odonta. 

SHELL ORIENTATION 

Anisomyarian Bivalves: It has been ob¬ 
served that standard orientational terms used 
for bivalve shells may be partially or wholly 
inadequate when applied to the soft anatomy 
(see esp. Stasek, 1963; Stanley, 1970). Among 
anisomyarian taxa for example, the hinge axis 
is rarely parallel to either the anteroposterior 
axis (a straight line touching the lower mar¬ 
gins of the two adductors) of Fischer (1886) 
or the oro-anal axis (a straight line connecting 
mouth and anus). Following convention as 
prescribed by Cox (in Moore, 1969, p. N81), 
the hinge axis was here taken as the antero¬ 
posterior direction in genera with long, 
straight hinge lines such as Gosseletia, Mo¬ 
diomorpha, Ptychodesma, and Ptychopteria 
(fig. 1). For the anisomyarian genus Paracy- 
clas (possessing one ventrally elongated ad¬ 
ductor) orientation using the hinge axis is 
problematic as the hinge line is short and 
poorly understood. Because the anteropos¬ 
terior axis would unacceptably elevate the 
mouth and foot dorsally, the modified 
anteroposterior axis sensu Stanley (1970) (i.e., 
a straight line touching the inferred tops of 
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Fig. 1. Dimensions and orientation in aniso- 
myarian bivalves. A. Interior lateral view of right 
valve of Gosseletia triquetra (Conrad) showing 
length (L) and height (H). Notice that the antero¬ 
posterior axis of Fischer (1886) (AP) diverges con¬ 
siderably from direction of length. B. Interior lat¬ 
eral view of left valve of Modiomorpha concentrica 
(Conrad). Anteroposterior axis (AP) here diverges 
only slightly from length direction. 

the adductors) was taken as the anteropos¬ 
terior direction. 

Isomyarian Bivalves: Taxa such as 
Palaeoneilo and Nuculites oblongatus have a 
long, straight external ligament and tooth rows 
mostly parallel to it. In such cases either the 
hinge axis or the anteroposterior axis may be 
used as directional criteria as they are ap¬ 
proximately parallel. However, difficulties 
arise in both Nuculites triqueter and Nucu- 
loidea. In the former the inferred anteropos¬ 
terior axis was used because the ligament and 
dentition are poorly known. In the latter the 
ligament is a small resilium situated in a tiny 
internal ligamental pit (resilifer), and the hinge 



W 


Fig. 2. Dimensions and orientation of iso- 
myarian bivalves. Example: Nuculoidea Williams 
and Breger. A. Left lateral view showing length (L) 
and height (H). Notice that the anteroposterior 
axis (AP) is approximately parallel to the length. 
B. Left lateral view showing anterior umbonal an¬ 
gle (a) and posterior umbonal angle (fi ). C. End 
view of articulated specimen showing total width 
(W) and height (H). 


tooth rows meet at a sharp angle. It has been 
suggested that the hinge axis in taxa such as 
Nuculoidea was roughly subparallel to the 
steep, posterior tooth row (see Bradshaw and 
Bradshaw, 1971). Because this would result 
in an unconventional shell orientation (i.e., 
a ventrally positioned mouth and foot), the 
anteroposterior axis was adopted here in¬ 
stead (fig. 2). The resulting orientation is con¬ 
sistent with that of other resiliated nuculoids 
such as Phestia (=Poldevcia ) and Yoldia giv¬ 
en by Driscoll (1966). In these genera, how¬ 
ever, the anterior and posterior hinge tooth 
rows do not meet at a sharp angle but are 
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flatter, and the resulting hinge axis and 
anteroposterior axis would approach paral¬ 
lelism as in Palaeoneilo and Nuculites oblon- 
gatus. 

MEASUREMENTS 

The measurements made for this study were 
accomplished through four different tech¬ 
niques. For longer dimensions, such as valve 
length, height, and total depth of free, artic¬ 
ulated specimens, a metric dial caliper (He¬ 
lios, West Germany) was used (no. 60,609, 
Edmund Scientific Co., Barrington, New Jer¬ 
sey). Finer measurements, such as growth in¬ 
crement counts, were made using either a 
binocular microscope fitted with an ocular 
micrometer or a 6X pocket comparator (Ed¬ 
mund Scientific Co., no. 30,325) equipped 
with a reticle (Edmund no. 30,584) possess¬ 
ing a 20 mm. scale divided into 200 parts. 
Angular measurements were made with an 
all-steel contact goniometer (General Hard¬ 
ware Mfg. Co., New York). 

Measurements were taken in the manner 
prescribed by Simpson, Roe, and Lewontin 
(1960, pp. 23-24). A dimension is considered 
to be the maximum distance between parallel 
planes tangential to the designated anatom¬ 
ical element. “For length, the planes are usu¬ 
ally considered to be oriented vertically to 
the axis of the body through the axial ana¬ 
tomical divisions and their parts. . . and ver¬ 
tically to the proximodistal axis for nonaxial 
elements ... .” Width is the dimension at 
right angles to the length and most nearly in 
a horizontal plane, and height is the dimen¬ 
sion at right angles to these two and nearly 
in a vertical plane. This in essence, is the 
system used in reference to bivalves by Raup 
and Stanley (1971) and Vokes (1957). Di¬ 
mensions I used in this study are defined be¬ 
low: 

LENGTH (L), Maximum linear dimension in an 
anteroposterior direction, specimen properly 
oriented. 

HEIGHT (H), Maximum linear dimension in a 
dorsoventral direction, normal to length, spec¬ 
imen properly oriented. 

WIDTH (W), Maximum linear dimension normal 
to both length and height. Unless otherwise in¬ 
dicated, width refers to the total for both valves 


considered together in a free, articulated spec¬ 
imen. 

ANTERIOR UMBONAL ANGLE (a), In Nucu- 
loidea (fig. 2), the angular relationship of ap¬ 
proximately the upper third of the anterior um- 
bonal slope with respect to the horizontal, 
specimen properly oriented. This should not be 
confused with a of Newell (1942) or of Pojeta 
(1966). 

POSTERIOR UMBONAL ANGLE (/?), In Nu- 
culoidea (fig. 2), the angular relationship of ap¬ 
proximately the upper third of the posterior um- 
bonal slope with respect to the horizontal. This 
should not be confused with /3 of Pojeta (1966). 

G-ANGLE (7), In ambonychiid bivalves such as 
Gosseletia, “the angle between the anterior mar¬ 
gin and the dorsal margin of the shell...” (Po¬ 
jeta, 1966). 

PREPARATION AND PHOTOGRAPHY 

For rough preparation I used a Dremel 
Moto-Tool and a Chicago Pneumatic air- 
scribe. The latter is especially recommended 
and is generally superior to the conventional 
vibrating stylus used in electric engravers. 
Fine preparation was performed with a Penn- 
walt S. S. White Model K Airjet abrasive unit 
in the manner described by Stucker, Galusha, 
and McKenna (1965) using #2 dolomite ab¬ 
rasive powder. 

Specimens were for the most part photo¬ 
graphed 1:1, utilizing a Polaroid MP-3 tech¬ 
nical view camera with 127 mm. Roden- 
stock Ysaron and 150 mm. Rodenstock 
Apo-Ronar lenses and a 120 roll film back. 
Most photos were taken on Kodak 120 Ver- 
ichrome Pan film developed for six minutes 
at 68°F. in Kodak D-19 developer. Prints are 
on Agfa Brovira (#3-5) single weight paper, 
using Simmon Omega and Beseler enlargers 
fitted with a 105 mm. Rodenstock Rodagon 
enlarging lens. Before photograp hin g all 
specimens were whitened in ammonium 
chloride sublimate as described by Cooper 
(1935) and Kier et al. (1965). 
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STRATIGRAPHY AND 

GENERAL STRATIGRAPHY 

The bulk of the fossil material used in the 
preparation of this study was derived from 
mudstones and sandstones of the Solsville 
Member of the Middle Devonian (Caze- 
novian; see Cooper et al., 1942; Oliver et al., 
1969) Marcellus Formation from the Mor- 
risville Quadrangle, Chenango Valley, Mad¬ 
ison County, New York. The collecting lo¬ 
calities are among those in table 1 of Rollins, 
Eldredge, and Spiller (1971) (see fig. 3). 

The complex, problematic deltaic facies in¬ 
terrelationships of the Chenango Valley De¬ 
vonian were first investigated by Cooper 
(1930, 1933, 1934). Stratigraphically the 
Marcellus Formation is bounded in the 
Chenango Valley by the Onondaga Lime¬ 
stone below and by the Mottville Member 
(Skaneateles Formation) above. As shown in 
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PALEOENYIRONMENT 

figure 4, the Solsville Member lies near the 
top of the Marcellus being bounded by the 
shales of the Bridgewater Member below and 
the shales and siltstones of the Pecksport 
Member above. 

Cooper (1930, p. 133) gave the following 
description of the Solsville: 

This member, 45-50 feet thick, of sandy shale, 
fine sandstone, and calcareous sandstone, is 
transitional with the soft Bridgewater shales be¬ 
low. It is characterized by typical Hamilton fos¬ 
sils in an unusual assemblage. Common forms 
are: Nephriticeras maximum, Paracyclas lirata, 
Gosselettia [sic] triquetra, Pterineaflabellum, and 
Conularia continens. The member forms ridges 
on the sides of the hills north of Solsville. The 
falls in Woods Gully, 2 miles northwest of Sols¬ 
ville (Morrisville Quadrangle), is the type sec¬ 
tion. The Solsville also occurs in Reilley’s Quar¬ 
ry 4 miles northwest of Bridgewater, and forms 
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ridges on each side of the Unadilla Valley as far 
south as Leonardsville. It is not known west of 
Pine Woods, Morrisville Quadrangle. 

At the localities studied the Solsville con¬ 
sists lithologically of dark gray, calcareous 
silty shales in the lower portions of the out¬ 
crops overlain by tan to brownish gray sandy 
siltstones and fine sandstones. The inter- 
digitating deltaic mudstone and sandstone 
facies complex of the Chenango Valley is re¬ 
placed to the west by the Cardiff Shale, ho¬ 
mogeneous black argillites probably 
representing prodelta muds deposited con¬ 
currently with the onshore heterogeneous 
clastic sediments of the Chenango Valley. 

As indicated by Rollins, Eldredge, and 
Spiller (1971), the collecting localities of the 
present study lie farther westward than Coo¬ 
per’s proposed western limit of the Solsville 
a t Pine Woods. Some of these however, are 
recent exposures not available at the time of 
Cooper’s original study. Moreover, the pres¬ 
ence of the faunal assemblage considered by 


Cooper to be uniquely Solsville suggests that 
these beds are either part of the Solsville sen- 
su Cooper or an ecological equivalent. 

PALEOECOLOGY 

Depositional Setting: The Solsville beds 
are a part of the early marine phase of the 
Catskill fan-delta complex, the subject of 
extensive past study. Development of the 
complex began in mid-Devonian with pro¬ 
gradation of numerous marine-dominated 
deltas across a tectonically stable, shallow 
marine shelf. Growth of the complex cul¬ 
minated in late Devonian with two separate 
depositional phases: a rapid final stage of del¬ 
taic progradation followed by aggradation and 
subsidence as thick sequences of subaerial red 
beds and tectonic fanglomerates were em¬ 
placed from the east. Late Devonian depo¬ 
sitional phases have attracted much study 
(e.g., Barren, 1913, 1914; Friedman and 
Johnson, 1966; Woodrow and Fletcher, 1967; 
Allen and Friend, 1968; Sutton, Bowen, and 
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McAlester, 1970; Bowen, Rhoads, and 
McAlester, 1974; Thayer, 1974). Aside from 
several notable works (e.g.. Cooper, 1930, 
1933, 1934, 1957; Chadwick, 1933, 1944; 
McCave, 1969; Mazzullo, 1973), generally 
less attention has been given to the initial 
deltaic growth of the mid-Devonian. 

Prior to Hamilton deposition, the region 
was evidently a widespread, shallow carbon¬ 
ate shelf environment (Onondaga Lime¬ 
stone). Progradation began with deposition 
of lower Hamilton clays, silts, and sands such 
as those of the Marcellus. Evidence of shallow 
water above the shelf is supplied by the con¬ 
siderable effects of wave and tidal action in 
modifying the geometry and growth of early 
deltaic deposits and by their analogy to the 
Holocene Niger River delta (Mazzullo, 1973). 
Additional evidence is provided by lack of 
subsidence, relatively limited thickness of 
marine deltaic strata, widespread and rapid 
progradation, and lack of bar finger sands 
which characteristically form when deltas 
prograde into deep water (Friedman and 
Sanders, 1978). 

That the clastic sediments of the marine 
Hamilton are bounded and punctuated by 
shelf carbonates suggests that they represent 
offshore deposits transitional to open marine 
environments. This is supported by Fried¬ 
man and Sanders’s figure 10-27 which shows 
the sediments of the Marcellus through Mos¬ 
cow to be an “inferred foreset” (i.e., delta 
slope) sequence in the general region of the 
Solsville study area. In contrast to the Upper 
Devonian, these authors do not recognize any 
prodelta (bottomset) or delta platform (top- 
set) facies for the Middle Devonian strata in 
their figure. Such facies did exist, however, 
as shown by Mazzullo (1973) who recognized 
seven subaerial and marine deltaic environ¬ 
ments (i.e., alluvial delta plain, beach, chan¬ 
nel mouth bar, interdistributary bay, outer 
delta platform, delta slope, and prodelta) in 
the Hamilton Group in Orange, Ulster and 
Sullivan counties of southeastern New York. 
Mazzullo’s study area lies about 140 km. 
southeast of the Solsville study area. By in¬ 
ference, the central New York shoreline dur¬ 
ing Hamilton time would be expected to have 
lain a relatively short distance east of Mad¬ 
ison County. This is significant as the bivalve 
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Fig. 4. Stratigraphic position of the Solsville 
Member, Marcellus Formation, in the Middle De¬ 
vonian section of central New York. (Based upon 
Cooper et al., 1942; Cooper, 1957.) 


assemblages of the Solsville suggest that these 
beds were deposited closer to the shoreline 
than delta slope, probably high on the delta 
platform. 

Bivalve Assemblages: The taxa studied 
are part of a diverse molluscan fauna dom¬ 
inated by gastropods and bivalves. Solsville 
bivalves are largely thick-shelled species of 
protobranch and mytiliform genera (see table 
1). Such assemblages occurring elsewhere 
(McAlester and Doumani, 1966) were con¬ 
sidered as indicative of marine environments 
colder than those of the Solsville which were 
evidently tropical (see paleolatitudinal recon¬ 
structions of Bambach, Scotese, and Ziegler, 
1980). 

The majority of the bivalves were collected 
from two exposures (AMNH loc. 3012, 
AMNH loc. 3013) roughly separated by a 
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TABLE 1 

Sample Percentages and Shell Thicknesses of 


Solsville Bivalve Species 


Species 

Percent 

Thickness 

Protobranch Bivalves 

Nuculoidea deceptriformis, 

new species 

40.2 

thick 

Nuculites oblongatus 

11.3 

thin 

Nuculites triqueter 

0.7 

thin 

Palaeoneilo filosa 

4.8 

thick 

Palaeoneilo constricta 

0.3 

thick 

Mytiliform Bivalves 

Gosseletia triquetra 

20.3 

thick 

Modiomorpha concentrica 

6.1 

thick 

Modiomorpha mytiloides 

1.0 

thick 

Ptychodesma knappianum 

1.7 

thick 

Miscellaneous Bivalves 

Ptychopteria fasciculata 

7.2 

thick 

Paracyclas rugosa 

3.8 

thin 

Grammysioidea alveata 

1.4 

thin 

Grammysioidea elliptica 

0.3 

thin 

Nyassa dorsata 

0.7 

thick 


kilometer (see fig. 3). The rich populations at 
each exposure form an autochthonous than- 
atocoenosis as shown by the predominance 
of unabraded, articulated valves, often found 
in orientations approximating natural life po¬ 
sitions. Beyond this, however, the bivalve as¬ 
semblages from the two localities are 
strikingly different. At AMNH loc. 3012 a 
Nuculoidea community consists mostly of 
deposit-feeding infaunal nuculoids such as 
Nuculoidea deceptriformis, new species, Pa- 
laeoneilo filosa, Nuculites oblongatus, Nu- 
culites triqueter, and, to a lesser extent, 
suspension-feeding taxa such as the 
pholadomyaceans Grammysioidea alveata, 
G. cf. elliptica, the lucinacean Paracyclas ru- 
gosa, the cyrtodontid Ptychodesma knap- 
pianum, and the pterineid Ptychopteria fas- 
ciculata. In the Gosseletia community at 
AMNH loc. 3013, the bivalves are more 
abundant than at AMNH loc. 3012 and con¬ 
sist in addition to several taxa (especially nu- 
culoid species) found at the latter locality of 
large, byssally attached, epifaunal/semi-in- 
faunal species such as Gosseletia triquetra, 
Modiomorpha concentrica, M. mytiloides, 
and Ptychopteria fasciculata. 

A parallel concomitant taxonomic shift in 


TABLE 2 

Probable Life Habits and Facies Distributions of 
Solsville Bivalves 


Species 

Facies 

Life 

habits 

Nuculoidea deceptriformis, 
new species 

C1S2 

InSiD 

Nuculites triqueter 

CS 

ISiD 

Nuculites oblongatus 

C1S2 

ISiD 

Palaeoneilo filosa 

C1S2 

ISiD 

Palaeoneilo constricta 

S 

ISiD 

Grammysioidea alveata 

C1S2 

En Su 

Grammysioidea elliptica 

C 

EnSu 

Ptychodesma knappianum 

C1S2 

En Su 

Modiomorpha concentrica 

S1C2 

En Su 

Modiomorpha mytiloides 

S 

En Su 

Ptychopteria fasciculata 

S1C2 

En/Ep Su 

Gosseletia triquetra 

S 

Ep Su 

Paracyclas rugosa 

C1S2 

I pSi Su 

Nyassa dorsata 

S, ?C 

si Su 


Facies Notation: C—clayey facies. S—sandy facies. 
C1S2—present in both but dominant in clay facies. 
S1C2—present in both but dominant in sandy facies. 

Habits Notation: I—infaunal, vagile. si—semi-in- 
faunal, vagile. En—endobyssate. Ep—epibyssate. D— 
deposit (detritus) feeder. Su—suspension feeder. Si—si- 
phonate. nSi—non-siphonate. pSi—partially siphonate. 


association with lithologic change was re¬ 
ported by Cooper (1930) among bivalves from 
the Delphi Station Member of the Skanea- 
teles Formation, New York. Here, again, large 
byssate bivalves such as Actinopteria boydi, 
A. decussata, Modiomorpha mytiloides, 
Limoptera macroptera, and L. obsoleta were 
noted in the upper silty beds as opposed to 
the underlying argillites. 

Such changes in bivalve assemblages can 
be partially attributed to the substrate. Fine¬ 
grained sediments settle out in environments 
where water movements are weak. According 
to Stanley (1970), when the percentage of mud 
reaches about 25 percent, the viscosity and 
density of the sediments are lowered to levels 
which cause large, thick-shelled epifaunal taxa 
such as Gosseletia to have difficulty in re¬ 
maining above the sediment/water interface. 
As a result, suspension-feeding habits cannot 
be maintained. Accordingly, the relative 
abundance of deposit-feeders would be much 
greater in muds than in sands, whereas sus¬ 
pension-feeders would be more common in 
sands than muds. Davis (1925) and Sanders 
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Fig. 5. Life habit reconstructions of Solsville bivalves of the Nuculoidea Community (drawn to 
approximate relative scale). This diagram shows representative bivalve species in their probable life 
positions within a clayey matrix. Note the preponderance of infaunal taxa. A. Grammysioidea alveata. 
B. Grammysioidea elliptica. C. Ptychodesma knappianum. D. Nuculoidea deceptriformis, n. sp. E. Nu- 
culites oblongatus. F. Paracyclas rugosa. G. Palaeoneilofilosa. H. Ptychopteriafasciculata .. I. Palaeoneilo 
constricta. J. Nuculites triqueter. Interpretations of life habits are either those of the writer or are inter¬ 
pretations of either the same or related genera by various authors (e.g., Bambach, 1971; Bowen, Rhoads, 
and McAlester, 1974; Le vinton and Bambach, 1975; McAlester and Doumani, 1966;Pojeta, 1966, 1971; 
Runnegar, 1974; Stanley, 1970, 1972; Thayer, 1974). Also see autecology discussions in the systematics 
section of the present study. 


(1956) have demonstrated this to be the case. 
The probable life habits of the Solsville bi¬ 
valves are summarized in table 2 and figures 
5 and 6. 

Several of the same bivalve taxa (i.e., eight 
genera and five species) of the Solsville also 
occur in the Hamilton study area of Mazzullo 
(1973, table 2) in southeastern New York. Of 
the 32 bivalve species listed by Mazzullo, 24 
occur in the silts and clays of the delta slope 
environment, whereas the remainder are 
found in the prodelta. However, because the 
shells in Mazzullo’s study area occur in co- 
quinites (“hashes” of abraded, broken, dis¬ 
articulated shells associated with penecon- 
temporaneous soft-sediment deformation), it 
is likely that neither delta slope nor prodelta 
were the true habitats of the bivalve assem¬ 
blages listed. More likely the coquinites rep¬ 
resent frontal splays or slumps derived from 
shell lag deposits accumulating at the effec¬ 
tive depth of wave erosion (i.e., delta front). 


The domination of pterineids, ambony- 
chiids, and modiomorphids of the Solsville 
Gosseletia community is suggestive of the 
Cypricardella community (Sutton, Bowen, 
and McAlester, 1970; Bowen, Rhoads, and 
McAlester, 1974) in the Upper Devonian 
Glen Aubrey Formation (Sonyea Group), 
New York. Both communities are dominated 
by epifaunal or semi-infaunal byssate, sus¬ 
pension-feeding bivalves living in relatively 
stable sediments. The communities have as 
few as two genera in common (i.e., the in¬ 
faunal deposit-feeders, Nuculoidea and Pa¬ 
laeoneilo). The Cypricardella community, 
however, does contain abundant pterineids 
(e.g., Leptodesma) and a few modiomorphids 
(e.g., Goniophora). 

The Gosseletia community bivalves are also 
somewhat similar to those of the Rhipido- 
mella-Leiorhynchus facies from the Upper 
Devonian Genesee Group of New York 
(Thayer, 1974). Although both deposit feed- 
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Fig. 6. Life habit reconstructions of Solsville bivalves of the Gosseletia Community (drawn to 
approximate relative scale). This diagram shows representative bivalve species in their probable life 
positions within a sandy/silty matrix. Note the preponderance of epifaunal-semi-infaunal taxa. A. Gos¬ 
seletia triquetra. B. Modiomorpha mytiloides. C. Modiomorpha concentrica. D. Nyassa dorsata. E. Ptych- 
opteria fasciculata. F. Palaeoneilo constricta. G. Ptychodesma knappianum. H. Nuculites oblongatus. 
Interpretation of life habits of the species shown are either those of the writer or based on interpretations 
of the same or related genera by past authors listed in figure 5. See autecology discussions in the systematics 
section. 


ers (e.g., Nuculoidea) and infaunal suspen¬ 
sion-feeders (e.g., Paracyclas) are present, the 
facies is nevertheless dominated by epifaunal 
and semi-infaunal suspension-feeders in¬ 
cluding pterineids (e.g., Actinopteria) and 
modiomorphids (e.g., Modiomorpha). 

The Nuculoidea community of the Sols¬ 
ville shows similarities to the Bellerophon 
community from the shaley Triangle For¬ 
mation (Sonyea Group) of New York (Sutton, 
Bowen, and McAlester, 1970; Bowen, 
Rhoads, and McAlester, 1974). In addition 
to numerous archaeogastropods like those of 
the Solsville, the Bellerophon community 
contains an abundance of the infaunal de- 
posit-feeders, Nuculoidea and Palaeoneilo, in 
association with pholadomyacean suspen¬ 
sion-feeders (i.e., “ Sphenotus ”) analogous to 
the grammysiids of the Nuculoidea com¬ 
munity. 

Even more striking are the parallels be¬ 


tween the Nuculoidea community and the 
Nuculites-Palaeosolen facies of the Genesee 
Group of New York (Thayer, 1974). In ad¬ 
dition to archaeogastropods, Thayer reported 
Nuculoidea, Palaeoneilo, Nuculites, and Pa¬ 
laeosolen as well as Grammysia, Paracyclas, 
and the pterineids Actinopteria and Lepto- 
desma. 

For several reasons, analogies with the 
Sonyea and Genesee groups suggest that both 
the Nuculoidea and Gosseletia communities 
represent shallow, nearshore environments: 

(1) In both the Genesee and Sonyea the 
percentage of benthic molluscs increases 
onshore, a tendency seen elsewhere by 
Bretsky (1968, 1969, 1970, 1973). As not¬ 
ed, the Solsville is dominated by benthic 
molluscs. In addition to the bivalves, a rich 
assemblage (described by Rollins, El- 
dredge, and Spiller, 1971) of archaeogas- 
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tropods, caenogastropods and monoplaco- 
phorans is present. Sutton, Bowen, and 
McAlester (1974) regarded archaeogastro- 
pods as largely restricted to nearshore en¬ 
vironments. 

(2) Taken as a whole, about 57 percent of 
the Solsville bivalves are nuculoids (see ta¬ 
ble 1). Although modem nuculoids are dis¬ 
tributed among varied cold to warm hab¬ 
itats (see Oldroyd, 1924; Sparck, 1937; J. 
A. Allen, 1954; Nicol, 1955; Dales, 1957; 
Ockelmann, 1958; Ellis, 1960) ranging from 
shallow to abyssal depths (e.g., Bruun, 
1957), evidently it was not always so. Sut¬ 
ton, Bowen, and McAlester (1974) and 
Thayer (1974) have suggested that they were 
mostly shallow-water dwellers during the 
Devonian, preferring organic-rich muds of 
quiet, nearshore lagoons and estuaries. 

(3) Synecological parallels discussed above 
suggest the Nuculoidea and Gosseletia 
communities represent habitats no further 
offshore than middle delta platform. Both 
the Cypricardella community and Rhipi- 
domella-Leiorhynchus facies were inter¬ 
preted as middle delta platform while the 
Bellerophon community and Nuculites-Pa- 
laeosolen facies were indicated as inner del¬ 
ta platform. 

Despite the similarities in the bivalve as¬ 
semblages of the Solsville, Genesee, and Son- 
yea, marked differences are evident in the de¬ 
gree of postmortem transport. In the last two, 
hydraulic mixing is evident; the shelly faunas 
occur predominantly as coquinites of disar¬ 
ticulated valves. However, the authors of the 
Genesee and Sonyea studies argued that the 
degree of transport was not extensive enough 
to alter their conclusions regarding the com¬ 
position of the biocoenosis for each of the 
deltaic habitats. In contrast, the majority of 
the Solsville bivalves remain articulated in 
the Nuculoidea community and a high per¬ 
centage remain so in the Gosseletia com¬ 
munity. Evidently both communities were 
largely protected from the effects of sedimen¬ 
tary transport that characterize middle and 
outer delta platform deposits [Sutton, Bowen, 
and McAlester (1970) noted that Sonyea co¬ 
quinites, which are abundant in the middle 
and outer delta platform, volumetrically de¬ 


crease onshore]. Modem environments with 
these characteristics include the nearshore 
bar-barrier lagoonal complexes of the Ho¬ 
locene Niger delta (Allen, 1965) which con¬ 
tains both organic rich muds and shelly mar¬ 
ginal sands. Sedimentological evidence of 
such complexes in the upper Hamilton (i.e., 
Ludlowville and Moscow formations) of the 
Chenango Valley is given by McCave (1969). 

Thayer (1974) has related the composition 
of Genesee and Sonyea benthic communities 
to the inferred rate of deltaic progradation. 
The taxic compositions shown in his table 2 
suggest a rapid progradational setting for the 
Solsville. 

PALEOBIOGEOGRAPHY 

Faunal comparisons show broad similari¬ 
ties among middle Devonian Appalachian 
(Hamilton) bivalve species and those of the 
early and middle Devonian of the Rhineland 
of Western Europe. Although a few past au¬ 
thors were aware of occasional taxonomic 
similarities (e.g., de Vemeuil, 1847; Clarke, 
1907b, 1909), the breadth of the parallelism 
was first recognized by Bailey (1975, 1978a) 
who discussed the geographic distribution of 
numerous Devonian bivalve taxa (including 
most Solsville species described here). The 
Rheinish-Appalachian faunal similarities 
were previously obscured by excessive no- 
menclatural enthusiasm by many early au¬ 
thors (see Introduction), by a widespread but 
only partially justifiable mistrust of the rep¬ 
resentational accuracy of Hall’s (1884, 1885) 
figures (see Babin, 1973, p. 43), and by a 
popular contention that even morphologi¬ 
cally similar species must nevertheless be re¬ 
garded as distinct because of the assumed 
Atlantic separations of Europe and North 
America prior to plate tectonic theory. 

As Bailey (1978a) indicated the earlier oc¬ 
currence and greater species diversity of this 
fauna in Western Europe suggests that this 
was the point of origin for many of its con¬ 
stituent species. The fauna migrated west¬ 
ward by the middle Devonian (perhaps via 
northwest Africa; see Sutton’s, 1968, paleo- 
geographic reconstruction) in connection with 
the spread of shallow marine clastic sedi¬ 
ments associated with progressively west¬ 
ward episodes of the Caledonian-Acadian 
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molds called Modiomorpha by Whiteaves (1892); possibly a different genus. m Walcott’s N. rescuensis probably not a nuculid. = Eoschizodusl n Walcott (1884) 
indicated questionable presence of this genus but gave no figure. ° Walcott’s (1884) Nyassa too poorly preserved for generic assignment. p Not Pterinea flabella 
l=Ptychopteria fasciculata] as Walcott (1884) suggested. Lacks an anterior auricle. q “ Nucula ” manitobensis Whiteaves, 1892 is a possible carydiid. 
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TABLE 4 

North American Devonian Bivalve Species and Closely Related or Conspecific European 

Counterparts* 


European Taxa 


North American Equivalents 


Subclass Pteriomorphia Beurlen 


Ptychopteria fasciculata (Goldfuss) 

Siegenian-upper Emsian 

Ptychopteria subtilicosta (Spriestersbach) [in part] 
upper Emsian or basal Eifelian 

Ptychopteria gracilis (Spriest, and Fuchs) [in part] 
upper Emsian 

Gosseletia alta Follmann 
upper Emsian 

Gosseletia distincta Follmann 
Eifelian 

Gosseletia securiformis Follmann 
?Siegenian-upper Emsian 

Gosseletia schizodon Freeh 
upper Emsian 

Ptychodesma sp. Beushausen 
upper Emsian 
Subclass Anomalodesmata Dali 

Grammysia anomala (Goldfuss) 

?lower-upper Emsian 

Grammysia ovata Sandberger [in part] 
lower Emsian 

Grammysia johannis Beushausen [in part] 
lower-upper Emsian 

Grammysia nodocostata Hall var. eifeliensis Beush. 
lower Emsian 

Allerisma mosellanum Beushausen- 

upper Emsian 

Subclass Palaeoheterodonta Newell 


>- Ptychopteria (Cornellites) flabella (Conrad), 

Onondagan-Cazenovian 


V - Gosseletia triquetra (Conrad) 

I Cazenovian 


Ptychodesma knappianum Hall & Whitf. 
Cazenovian 

> - Grammysia bisulcata (Conrad) 

Cazenovian 

> 

- Grammysia nodocostata Hall 

Cazenovian 

- Grammysioidea arcuata (Conrad) 

Cazenovian 


Modiomorpha antiqua (Goldf.) [in part] 
lower Emsian 

Modiomorpha westfalica (Beush.) [in part] 
Givetian 

Modiomorpha anulifera Spriest, [in part] 
upper Emsian 

Modiomorpha elevata (Krantz) 
Siegenian-lower Emsian 

Modiomorpha siegenensis Beush. 

Siegenian 

Nyassa dorsata Goldfuss- 

Eifelian-Givetian 

Carydium cf. sociale Beush. of Maillieux [not 
Emsian 

Subclass Heterodonta Neumayr 


- Modiomorpha concentrica (Conrad) 

Cazenovian 

►- Modiomorpha mytiloides (Conrad) 

Cazenovian-Chemungian 

- Nyassa arguta Hall 

Cazenovian 

l]- Carydium varicosum (Hall)-C. bellastriatum 

(Conrad), Cazenovian 


Paracyclas proavia (Goldf.) — 
Eifelian-Givetian 

Paracyclas rugosa (Goldf.)- 

Siegenian-Frasnian 
Paracyclas marginata Maurer 
Siegenian-lower Eifelian 
Phenacocyclas antiqua (Goldf.) 
Eifelian-Givetian 


Paracyclas elliptica Hall 
Onondagan-Chemungian 
Paracyclas lirata (Conrad) 
Cazenovian-Fingerlakesian 
Paracyclas tenuis Hall 
Cazenovian 

Phenacocyclas ohioensis (Meek) 
Cazenovian 
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TABLE 4— (Continued) 


European Taxa 


North American Equivalents 


Subclass Palaeotaxodonta Korobkov 
Nuculoidea fornicata (Goldf.) 

[=-Nucula daleidensis Steininger] 

Emsian? Eifelian? Givetian 
Nuculoidea murchisoni (Goldf.) 

Eifelian-Givetian 
Nuculoidea cf. lodanensis (Beush.) 
upper Emsian 

Nuculoidea sandbergeri (Beush.) 

Givetian (one specimen, doubtlessly, a variant of 
N. fornicata) 

Nuculoidea pelmensis (Beush.) 

Givetian 

Nuculoidea aquisgranensis (Beush.) 

Givetian 

Nuculoidea trigona (Spriest.) 
upper Emsian 

Nuculoidea macrorhyncha (Spriest.) 
upper Emsian 

Nuculites cf. triqueter Conr. (Beush.) 

lower-upper Emsian 
Nuculites posthumus (Beush.) 

Eifelian 

Nuculites truncatus (Steininger) 

Siegenian, lower-upper Emsian 
Nuculites longiusculus (Beush.) 
lower Emsian 

Nuculites ellipticus (Maurer) 

[=Nuculites beushauseni (Fuchs)] 

Siegenian-upper Emsian 
Nuculites longus (Mauz) 
lower Emsian 

Nuculites vaissieri (Leriche) 
lower Gedinnian 
Palaeoneilo demigrans (Beush.) 

Gedinnian? Lower-upper Emsian 
Palaeoneilo planiformis (Beush.) 
lower Emsian 

Palaeoneilo daleidensis (Beush.) 
upper Emsian 

Palaeoneilo krotonis (Roemer) 

Eifelian-Frasnian 
Palaeoneilo Candida (Kegel) 

Siegenian 

Palaeoneilo maureri (Beush.) [in part] 
lower Emsian 

Palaeoneilo moehrkei (Dahmer) 
upper Siegenian 

Palaeoneilo beushauseni (Kegel) 

[=P. oehlerti (Beush.) not Barrois] 

Siegenian-lower Emsian 
Palaeoneilo bertkaui (Beush.) 

Siegenian-lower Emsian 


V- Nuculoidea opima (Hall) 

Cazenovian 


>- Nuculoidea corbuliformis (Hall) 

Cazenovian, Chemungian 


>- Nuculites triqueter Conrad 

I Onesquethawan (Gaspe), Cazenovian 


>- Nuculites oblongatus Conrad 

j Helderbergian (Maine), Cazenovian 


- Palaeoneilo constricta (Conrad) 

Helderbergian (Maine). 

Cazenovian-Chemungian. Lower Mississippian? 


Palaeoneilo emarginata (Conrad) 
[=P. corrugata Pohl] 
Cazenovian-Chemungian 


- Palaeoneilo filosa (Conrad) 

[=P. fecunda Hall-P. tenuistriata Hall] 
Cazenovian-Chemungian 


From Bailey (1975a, revised). 
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orogeny as the suturing of the paleoconti- 
nents Baltica and Laurentia was completed 
(see Bambach, Scotese, and Ziegler, 1980). 

As shown in tables 3 and 4, the Solsville 
bivalve species are typical of the Rheinish- 
Appalachian faunal group and show strong 
similarities to other Hamilton bivalve faunas 
such as those of the Romney Formation of 
West Virginia and Maryland (see Prosser and 
Kindle, 1913) and the Mahantango Forma¬ 
tion of Pennsylvania (see Ellison, 1965). Es¬ 
sentially similar bivalve faunas are found in 
the Sellersburg beds of southern Indiana and 
northern Kentucky (see Hall and Whit¬ 
field, 1872; Nettleroth, 1899; Kindle, 1901; 
Savage, 1930, 1931), the Silica Formation 
(Stewart, 1927; Ehlers, Stumm, and Kesling, 
1951; Duluk, 1965; Stumm and Chilmann, 
1967; Wilson, 1975) and Prout Limestone- 
Plum Brook Shale (Stauffer, 1916; Stumm, 
1942) of Ohio, the Middle Devonian section 
at Arkona, Ontario (Whiteaves, 1889, 1898; 
Shimer and Grabau, 1902; Stauffer, 1915, 
1916; Stumm and Wright, 1958; Southworth, 
1967; Bailey, 1978a), and the Milwaukee 
Formation of Wisconsin (Cleland, 1911; Pohl, 
1929). Differences among these bivalve pa- 
leocommunities are largely synecological. For 
example, the Arkona bivalve community is 
dominated by infaunal deposit feeders, 
whereas the Silica and Sellersburg beds con¬ 
tain mostly epibyssate/endobyssate suspen¬ 
sion-feeding communities. 

As table 3 shows, North American Rhein- 
ish-Appalachian bivalve communities seem 
almost universally characterized by the oc¬ 
currence of two ubiquitous species, Ptych- 
opteria fasciculata and Paracyclas rugosa. The 
Solsville faunas, however, seem unique in the 
large numbers of three otherwise relatively 
rare species, Gosseletia triquetra , Ptychodes- 
ma knappianum, and Nuculoidea deceptri- 
formis , new species. 

Rheinish-Appalachian species seem large¬ 
ly absent west of the Transcontinental Arch 
which was evidently an emergent barrier to 
migration (Oliver, 1973, 1976). Instead, 


North American Devonian taxa west of the 
arch show certain Asiatic affinities (Stoyan- 
ow, 1948; Saul, 1976). Early assertions that 
species there are closely allied to the Appa¬ 
lachian faunal group are probably exagger¬ 
ated. Walcott (1884), for example, claimed 
that 23 genera and eight species of bivalves 
from the Devonian Nevada Limestone (Eu¬ 
reka District, Nevada) are shared in common 
with the Devonian rocks of New York and 
Ohio. However, several of these including 
Modiomorpha , Nyassa, and Nucula ( =Nu- 
culoidea of later authors) are either misiden- 
tified or too poorly preserved for confirma¬ 
tion; the fauna should be restudied. A second 
western fragmentary faunule described by 
Kindle (1909) from the Ouray Limestone of 
Colorado contains a few bivalves tentatively 
linked to Appalachian taxa but, again, pres¬ 
ervation is too poor for such a conclusion. 

Among the few truly endemic North 
American bivalve taxa are those of the Mich¬ 
igan Basin (see LaRocque, 1950; Yang, 1939) 
which was probably separated from the Ap¬ 
palachian and Illinois basins during the Si¬ 
lurian and Devonian by the Kankakee and 
Cincinnati-Findlay-Algonquin Arch sys¬ 
tems (Atherton, 1971; Summerson and 
Swann, 1970; Eardley, 1962). 

Gignoux (1950) said the middle Devonian 
faunas of the Lake Manitoba-Lake Winne- 
pegosis section (Manitoba, south-central 
Canada, Kindle, 1914) are Asiatic in char¬ 
acter. Although most of Whiteaves’s (1892) 
bivalve species from those beds were new, 
they seem mixed with a few Appalachian- 
Rheinish species, e.g., a possible Ptychopteria 
fasciculata (Goldfuss) Phenacocyclas antiqua 
(Goldfuss) [=P. ohioensis (Meek)], Nuculo¬ 
idea lirata (Conrad), and Cypricardella bel- 
lastriata (Conrad). Further northwest (north¬ 
ern Alberta and Mackenzie District) 
Whiteaves (1891) described six Appalachian- 
Rheinish bivalve species (said to be well pre¬ 
served but mostly unfigured) and noted sim¬ 
ilar biogeographic links among several other 
fossil phyla. 



SYSTEMATIC PALEONTOLOGY 


CLASS BIVALVIA LINNE, 1758 

SUBCLASS PTERIOMORPHIA BEURLEN, 1944 
ORDER PTERIOIDA NEWELL, 1965 
SUBORDER PTERIINA NEWELL, 1965 
SUPERFAMILY PTERIACEA GRAY, 1847 
FAMILY PTERINEIDAE MILLER, 1877 
GENUS PTYCHOPTERIA HALL, 1883 
SUBGENUS CORNELLITES WILLIAMS, 1908 

Type Species: Ptychopteria: Ptychopteria 
eugenia Hall, 1883 [=P. salamanca Hall, 
1884] from the Upper Devonian (Chemung) 
of New York by subsequent designation of 
S. A. Miller, 1889. Cornellites: Pterinaea fas- 
ciculata Goldfuss, 1836 from the Lower De¬ 
vonian (Emsian) of Germany by original des¬ 
ignation of Williams, 1908. 

Generic Usage and Synonymy: See New¬ 
ell and LaRocque in Moore, 1969, p. N302. 

Ptychopteria ( Cornellites) fasciculata 
(Goldfuss), 1836 
Figures 5H, 6E, 7-10, 11B 

Pterinaea fasciculata Goldfuss, 1836, p. 137, pi. 
120, fig. 5. De Vemeuil, 1847, p. 695. Beu- 
shausen, 1884, p. 57, pi. 2, fig. 11. Follmann, 
1885, p. 187, pi. 3, fig. 3. Freeh, 1891, p. 84, 
pi. 8, figs. 1, la, pi. 9, figs. 1-3. Vietor, 1919, 
p. 376. [Other references omitted. See exhaus¬ 
tive list of Maillieux, 1937, p. 32.] 

Pterinea ( Cornellites) fasciculata Goldfuss. Mail¬ 
lieux, 1935, p. 18; 1937, p. 32, pi. 1, figs. 6-8 
[esp. fig. 7]. 

Ptychopteria fasciculata (Goldfuss). Newell and 
LaRocque in Moore, 1969, p. N302. 
Ptychopteria ( Cornellites ) fasciculata (Goldfuss). 
Bailey, 1975, p. 41, pi. 1, figs. 1-6, pi. 2, figs. 
1-7, pi. 3, figs. 1-6; 1978a, p. 121. Carter and 
Tevesz, 1978b, p. 875, fig. 19. 

[not] Pterinea cf. fasciculata Goldfuss. Clarke, 
1907a, p. 204; 1909, p. 102, pi. 25, figs. 1-7. 
[not] Pterinea fasciculata var. occidentalis Clarke, 
1907a, p. 205; 1909, p. 27, pi. 14, figs. 1-7. 
t[?] Pterinaea gracilis Spriestersbach and Fuchs, 
1909. Spriestersbach, 1915, p. 30, pi. 8, figs. 4- 
6 ; 1925, p. 407, pi. 10, fig. 14 [not Spriesters¬ 
bach and Fuchs, 1909, p. 12, pi. 1, figs. 6-12]. 
t[?] Pterinaea subtilicosta Spriestersbach, 1915, p. 

31, pi. 8, figs. 7, 8 [?], esp. pi. 23, fig. 1, la. 
f[cfi] Pterinaea lorana Fuchs, 1915, p. 35, pi. 8, 
fig. 19, pi. 9, fig. 5. 

Avicula flabella Conrad, 1842, p. 238, pi. 12, fig. 
8 . Vanuxem, 1842, p. 153, fig. 37, no. 3. 


Pterinea flabella (Conrad). Hall, 1883, pi. 14, figs. 
1-21, pi. 15, figs. 1, 4-6, 8-10; 1884, p. 93, pi. 
14, figs. 1-21, pi. 15, figs. 1, 4-6, 8-10, pi. 93, 
figs. 11, 12. [not] Walcott, 1884, p. 165, pi. 5, 
fig. 6, pi. 15, fig. 12. Grabau, 1899, p. 244, fig. 
159. Whitfield and Hovey, 1900, p. 300. Kindle, 
1901, p. 668. Cleland, 1903, p. 65. Merrill, 1905, 
p. 552. 

[?] Pterinea near flabella. Pohl, 1930, p. 28. 
Cornellites ( Pterinea) flabella (Conrad). Williams, 
1908, pp. 89-90. 

Cornellites flabella (Conrad). Shimer and Shrock, 
1944, p. 383, pi. 148, fig. 18. McAlester, 1962a, 
p. 36. LaRocque and Marple, p. 84, fig. 187. 
Ellison, 1965, p. 130, pi. 15, figs. 10, 11. Palmer 
and Brann, 1966, pi. 11, figs. 1-3. 

Pterinea flabellum (Conrad). Hall and Whitfield, 
1872, p. 199. Miller, 1877, p. 201. Lesley, 1889, 
p. 810, 2 figs. Whitfield, 1890, p. 555, pi. 11, 
fig. 17. Whiteaves, 1889, p. 116; 1891, p. 238; 
1898, p. 416. Shimer and Grabau, 1902, p. 181. 
Clarke and Ruedemann, 1903, p. 494. Grabau, 
1906, pp. 221, 330, fig. 173. Stauffer, 1909, p. 
166; 1915, pp. 235, 239; 1916, pp. 477, 483. 
Prosser and Kindle, 1913, p. 250, pi. 129, figs. 
1-4- Cleland, 1916, p. 459, fig. 432a. Branson, 
1924, p. 149, pi. 36, fig. 2. Cooper, 1930, pp. 
133, 233. Savage, 1930, p. 97. [?]Willard, 1939, 
p. 478, etc., pi. 23, fig. 16. Butts, 1941, p. 195, 
pi. 118, figs. 1-3. Stumm, 1942, p. 557, pi. 81, 
fig. 22, pi. 84, fig. 47. 

Pterinea ( Cornellites ) flabellum (Conrad). Grabau 
and Shimer, 1909, p. 421, fig. 551. 

Cornellites flabellum (Conrad). Stumm and Wright, 
1958, pp. 93, 108, 117, 121. Stumm and Chil- 
man, 1967, p. 130. Rollins, Eldredge, and Spill- 
er, 1971, p. 134. 

Cornellites flabellus (Conrad). Cooper, 1933, p. 
548. 

Ptychopteria flabellum (Hall) [sic]. Wilson, 1975, 
p. 134, pi. 68, fig. 7, pi. 72, figs. 13, 18, 19, pi. 
101, figs. 28, 29, pi. 114, fig. 2. 
f[?] Pterinea lobata Whiteaves, 1892 [in part], p. 
292, pi. 38, fig. 4 [not pi. 38, figs. 1-3]. 

Description: Shells medium to large, 
strongly inequivalve and inequilateral, 
distinctly alate, prosocline, and prosogyrous. 
Left valve convexly inflated and strongly so 
in the central body of the shell. Right valve 
flattened to concave, commonly resupinate, 
becoming somewhat convexly inflated only 
near the umbonal region. Each valve pos¬ 
sesses a large posterior wing, broadly em¬ 
bayed posteroventrally, and a lesser, variably 


1 1 A 
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shaped anterior auricle (strongly inflated in 
the left valve and weakly so in the right valve) 
with a distinct byssal sinus. Sulci separate the 
central body of the shell from the wing and 
auricle. The left valve has a sharply defined 
posterior sulcus (located between shell body 
and wing) and a lesser, anteriorly placed au¬ 
ricular sulcus. In the resupinate right valve 
the posterior sulcus is not well defined, but the 
auricular sulcus is distinctly defined in the 
form of a deep byssal notch (fig. 7L) with an 
associated byssal gape (fig. 7L, M) between 
the valves where the notch meets the com¬ 
missure. 

The prosopon is distinctive and different 
in each valve. In both right and left valves 
the concentric elements (growth lines) in the 
auricle and central body of the shell have the 
umbonal region as their center of curvature. 
The concentric elements of the wing, how¬ 
ever, show a center of curvature located pos- 
teroventrally. This is a consequence of the 
aforementioned posteroventral marginal em- 
bayment. The right valve possesses only more 
or less regular, concentric growth increments 
(which are fine in the umbonal region and 
progressively coarsen toward the venter) ex¬ 
cept in a narrow dorsal region of the wing 
behind the umbo and just beheath the hinge 
line where a few well-defined, close radial 
elements are developed in association with a 
strengthening of concentric elements in the 
same region, producing a fine dorsomarginal 
reticulating network (fig. 7B, F, L, N). 

The prosopon of the left valve consists of 
close, regular, well-defined concentric growth 
lines with a superimposed series of radial ele¬ 
ments (i.e., secondary costae; these are co¬ 
equal in strength with the growth lines) punc¬ 
tuated by varicose radial ribs (primary cos¬ 
tae) at regular to irregular intervals. A reti¬ 
culating pattern is produced by the 
intersecting network of concentric and radial 
elements. The ribs take on a segmented, no¬ 
dose, or rugose appearance where they are 
intersected by growth lines. 

The hinge line, located mostly along the 
dorsal length of the posterior wing, is situated 
between 150°-160° with respect to the dor- 
salmost part of the posterior umbonal slope. 
A duplivincular, mostly opisthodetic liga¬ 
ment is indicated by a long, straight, narrow, 
parallel-grooved, ligamental area along the 


hinge line in each valve. In form it is genic¬ 
ulate, like a highly asymmetrical chevron 
whose apex lies directly between the beaks 
(fig. 7 J, N). The anterior limb of the chevron 
is abruptly truncated in front of the beaks, 
while the greatly elongated posterior limb ac¬ 
counts for virtually all the ligamental inser¬ 
tion area. 

Situated upon a curving hinge plate, the 
dentition of the left valve, as seen in one 
specimen (fig. 8A, B, D) and partially in 
another (fig. 8E), consists of (1) two moder¬ 
ately strong, parallel cardinal teeth with a deep 
intervening socket and a third, ancillary car¬ 
dinal tooth lying beneath and diverging from 
the others and separated from them by a mi¬ 
nor socket; and (2) two strong, elongated lat¬ 
eral teeth separated by a strong lateral socket. 
Lying above these two is a third, ancillary 
lateral tooth separated from the others below 
by a minor lateral socket. Based upon the left 
valve hinge structure, it may be inferred that 
the right valve dentition consists of (1) one 
robust cardinal tooth flanked by an ancillary 
cardinal tooth below and possibly another 
above 1 ; and (2) at least two comparatively 
strong lateral teeth. 

Both cardinals and laterals are roughly sub¬ 
parallel to one another (with the exception of 
the slightly divergent lower ancillary car¬ 
dinal tooth) and are oriented obliquely in re¬ 
lation to the hinge line approximately parallel 
to the trend of the posterior auricular sulcus. 
As figure 8C shows, there is really no eden¬ 
tulous area between the cardinal and lateral 
teeth since the posterior cardinal and the low¬ 
ermost lateral are in mutual continuity form¬ 
ing a cardinolateral tooth which curves 
broadly along and buttresses the inner edge 
of the hinge plate. The second and third lat¬ 
eral teeth are arranged en echelon behind the 
lowermost, first lateral tooth. 

The anterior adductor scar (figs. 8D, 9C) 
is small, circular, and deeply impressed, per¬ 
forating the hinge plate immediately below 
the anteriormost cardinal tooth where it is 
situated on a sloping shell thickening beneath 
the hinge plate and buttressed there by a small, 
thick ridge along the dorsoposterior margin 
of the scar. The posterior adductor scar is 

1 Hall (1884) observed two or three cardinal teeth in 
the right valve. 
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TABLE 5 

Measurements (in Millimeters) of Ptychopteria 
( Cornellites ) fasciculata (Goldfuss) 


Locality 

Length 

Height 

Width* 

AMNH 3012 

60* 

49 

19 

AMNH 3013 

44* 

46 

19.5 


62* 

54 

— 


47* 

42 

11.5 

AMNH 3014 

68* 

64 

23 


41* 

32 

13.5 


40** 

30** 

11 

Miscellaneous Solsville 

63* 

45 

16.5 


a Total width, both valves articulated. 

* Specimen broken. Dimension approximate and in¬ 
ferred. 


large, subcircular (figs. 8C, 9C) or almond- 
shaped (fig. 9D) and not distinctly lobate (al¬ 
though some minor, irregular lobation is vis¬ 
ible in fig. 9C). 

The pallial line is simple, somewhat pus- 
tulose in internal molds and set well back into 
the shell interior. In the dorsoposterior por¬ 
tion of its circumference in the left valve, it 
appears to form a very deep groove (visible 
in fig. 8B, C) beneath the lateral denticle se¬ 
ries and is expressed as a distinct ridge on 
internal molds (figs. 9C and especially 7G). 
Within the arc of the pallial line and beneath 
the forward adductor, numerous small pus¬ 
tules are visible on a left internal mold (fig. 
9C) representing small pits (pallial punctae) 
for muscular attachment of the mantle to the 
shell. Cox (in Moore, 1969) reported similar 
punctae in the Lucinidae, and Newell and 
Boyd (1975, fig. 15) have noted them among 
trigonaceans. 

Neither anterior nor posterior byssal/pedal 
retractor scars are in evidence. 

Recrystallized/replaced shell material on 
many of the specimens indicate that the orig¬ 
inal valves were robust and heavy in the re¬ 
gion of the anterior auricle and central por¬ 
tions of the shell becoming slightly thinner 
in the posterior wing which is often broken 
away. Original shell microstructure is de¬ 
scribed by Carter and Tevesz (1978b). 

Cornellites: The term Cornellites , first pro¬ 
posed by Williams in 1908, has not received 
universal acceptance as a generic name. Mail- 
lieux (1937) preferred to retain Cornellites as 


a subgenus of Pterineq as did Grabau and 
Shimer (1909), and Babin (1966). McAlester 
(1962a), pointing out the “more than usual 
generic chaos” in regard to Chemung pterioid 
bivalves, used Cornellites tentatively in a ge¬ 
neric sense for pterioid species possessing ra¬ 
dial ribs or costae. Likewise, he used Leiop- 
teria and Leptodesma for concentrically 
sculptured forms and Actinopteria for retic¬ 
ulate pterioids. These diagnoses are not en¬ 
tirely adequate since species such as P. fas¬ 
ciculata possess both strong radial ribs and 
reticulate ornament in the left valve but 
mostly concentric ornament in the right valve. 
More recently, Newell and LaRocque (in 
Moore, 1969) have treated Cornellites as a 
synonym of Ptychopteria Hall (1883). They 
recognized two subgenera of Ptychopteria on 
the basis of the form of the anterior auricle: 
P. {Ptychopteria ) with an obliquely truncate 
auricle and P. {Actinopteria) with a lobose 
auricle. However, among certain Ptychopter¬ 
ia species of Freeh’s (1891) “Gruppe der 
Pterinaea costata ” (=Cornellites Williams, 
1908), e.g., P. fasciculata, P. costata , P. cos- 
tulata , etc., the auricle is generally unlike that 
of either P. (Ptychopteria ) or P. {Actinopter¬ 
ia)-, it is often larger, more swollen and nasute, 
with a rugose appearance produced by strong 
irregular radial ribs. Based upon these dis¬ 
tinctions I retain Cornellites as a subgenus of 
Ptychopteria. 

Comparisons: The Solsville specimens are 
typical examples of Ptychopteria {Cornellites) 
flabella (Conrad), a North American Middle 
Devonian (Onondaga-Hamilton) species I re¬ 
gard as a synonym of P. fasciculata (Gold- 
fuss) from the Lower Devonian of Germany 
and Belgium. So remarkable is the resem¬ 
blance of the European species as illustrated 
by Freeh (1891, reproduced here as fig. 10) 
and by Maillieux (1937, pi. 1 , fig. 7) to pre¬ 
viously illustrated specimens of P. flabella 
(e.g., in Hall, 1884; Prosser and Kindle, 1913; 
etc.), that conspecificity would appear diffi¬ 
cult to deny. The similarities of the two were 
noticed by several early authors. Conrad 
himself (1837, 1838) listed P. fasciculata as 
one of the fossils of New York State (see re¬ 
marks of Whiteaves, 1891, p. 238). The syn¬ 
onymy of the two was affirmed by de Vemeuil 
(1847, p. 695): “ Pterinea fasciculata Goldf. 
{Avicula flabella Conrad). — Apres avoir 
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Fig. 7. Ptychopteria ( Cornellites) fasciculata Goldfuss. A-C. Articulated specimen (AMNH 36170) 
from AMNH loc. 3012. A. Left valve. B. Right valve. C. Hinge line. D-F. Articulated specimen (AMNH 
36171) from AMNH loc. 3014. D. Hinge line. E. Left valve. F. Right valve. G. Broken left internal 
mold and shell (AMNH 36178) from AMNH loc. 3014. H-J. Articulated specimen (AMNH 36172) 
from AMNH loc. 3013. H. Left valve. I. Right valve. J. Enlarged hinge line. K-N. Articulated specimen 
(AMNH 36167) from AMNH loc. 3013. K. Left valve. L. Right valve. M. Anterior. N. Enlarged hinge 
line. 

Abbreviations: bg—byssal gape, bn—byssal notch, dla—duplivincular ligamental area, pa—posterior 
adductor scar, pi—pallial line. All figures XI except as noted. 

compare avec soin VA. flabella a la descrip- nuir; l’une provient Hamilton Group (New 
tion que Goldfuss a donnees de la P. fasci- York), et l’autre des grauwackes des environs 
culata, nous avons cru pouvoir les re- d’Ems (Nassau). On sait que ces grauwackes, 
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Fig. 8. Ptychopteria (Cornellites),fasciculata (Goldfuss). A-D. Left valve (AMNH 36173) from AMNH 
loc. 3017. A. Valve exterior. B. Valve interior. C. Functional morphology of valve interior. (XI). D. 
Enlargement of hinge region. E. Partial left valve (AMNH 36174) from AMNH loc. 3013. 

Abbreviations: aa—anterior adductor scar, cl—cardinolateral tooth, ct—cardinal tooth, dla—duplivin- 
cular ligamental area. It—lateral tooth, pa-posterior adductor scar, pl-pallial line, x-foreign shell 
fragment fortuitously inserted into crack in shell; this could not be removed without jeopardizing the 
integrity of the specimen. 


X3.7 


X 2.0 
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Fig. 9. Ptychopteria ( Cornellites) fasciculata (Goldfuss). A-D. Near complete internal mold with 
partial shell (AMNH 36177) from AMNH loc. 3017. A. Left valve. B. Right valve. C. Internal mold 
with left shell material removed. D. Internal mold with right shell removed. E. Left view of near complete 
internal mold (AMNH 36176) from miscellaneous Solsville; shell removed with muriatic acid. F. Internal 
mold of left valve (AMNH 36175A) from AMNH loc. 3013. 

Abbreviations: aa—anterior adductor scar, pa—posterior adductor scar, pi—pallial line, pm—pallial 
muscle punctations. 

placees au-dessous du calcaire de l’Eifel, con- receiving a type specimen (i.e., “Original-Ex- 
tiennet encore quelques especes devon- emplar”) of P. flabella from Conrad for direct 

nienes.” comparison with P. fasciculata , concluded 

Sandberger and Sandberger (1856), after that the two are one in the same. Williams 
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(1908) remarked at the morphologic ties be¬ 
tween the two, and Hall (1884) suspected their 
conspecificity as did Kayser (1878) and Vie- 
tor (1919). Follmann (1885, p. 188) believed 
the two to be identical: “ Pt . fasciculata ist 
auch in Amerika in den Schiefem der Ham- 
iltongroup verbreitet und wird von den amer- 
ikanischen Geologen Pt. flabella , Conr. ben- 
nant. Nach den sehr ausfuhrlichen 
Beschreibung und Abbildungen Hall’s (1. c.) 
kann es nicht Zweifelhaft sein, dass die gen- 
nante amerikanische mit unserer rheinischen 
Art identisch ist.” 

Freeh (1891), however, disagreed on the 
following basis: (1) the primary ribs appeared 
weaker to Freeh and the secondary radial ele¬ 
ments coarser in the left valve of P. flabella 
(the contrasting ornamentation of the right 
valve Freeh assumed to be similar in both P. 
flabella and P. fasciculata ); (2) the anterior 
auricle in P. flabella seemed covered with 
only weakly developed radial lineations and 
lacked the strong radial ribs seen in P. fas¬ 
ciculata ; (3) only two lateral teeth were ob¬ 
served in the left valve of P. flabella in con¬ 
trast to the three lateral teeth in P. fasciculata-, 
(4) P. flabella is middle Devonian and P. 
fasciculata is early Devonian; and (5) the two 
species, Freeh maintained, are too widely 
separated geographically to be considered as 
conspecific, although he did admit that they 
must be closely linked. 

For the following reasons I reject Freeh’s 
objections: (1) the Solsville specimens reveal 
a high degree of intraspecific variability with 
respect to relative placement, strength and 
number of the primary and secondary costae 
(compare figs. 7A, E, H, K, 8A). Similar pro- 
soponal variability was recognized in P. fla¬ 
bella also by Hall (1884, pi. 10, figs. 8, 9, 10 
and explanations). The observed variability 
broadly overlaps that of the European form. 
(2) Contrary to Freeh’s opinion, strong radial 
ribbing is, indeed, well developed on the an¬ 
terior auricles as shown in both the Solsville 
specimens and the P. flabella individuals fig¬ 
ured by Hall. (3) Three lateral teeth have been 
observed in one Solsville specimen (fig. 8B, 
C, D), and Hall (1884) stated that he had 
observed two to three lateral teeth in various 
left valves of P. flabella. (4) The age difference 
between P. flabella and P. fasciculata is no 
barrier to conspecificity. As indicated pre¬ 


viously, many other Appalachian middle De¬ 
vonian bivalve species are also found in Eu¬ 
ropean early Devonian deposits. Moreover, 
common middle Devonian Hamilton bi¬ 
valve taxa have been reported from the late 
Devonian. Hall (1884, pi. 15, fig. 6, pi. 83, 
fig. 11), for example, recovered P. flabella 
from the Chemung beds. Although Mc- 
Alester (1962a) doubted the age of one of 
these specimens, he (1963a) has shown that 
there are many other bivalve species (includ¬ 
ing Palaeoneilo constricta , Nuculoidea cor- 
buliformis, Phestia rostellata , Actinopteria 
boydi , Modiomorpha mytiloides , Pseudavic- 
ulopecten fasciculatus , Cypricardella bella- 
striata, etc.) which range widely throughout 
Middle and Upper Devonian rocks. Evi¬ 
dently many bivalve species were evolution- 
arily stable (see also Bailey, 1978b). (5) Geo¬ 
graphic separation, in view of recent 
reconstructions of Devonian paleogeography 
cited previously, must be considered an ob¬ 
solete argument. 

Freeh indicated four cardinal teeth in P. 
fasciculata and observed a similar number in 
P. flabella (see Hall, 1884, pi. 15, fig. 5). How¬ 
ever, as determined previously, only three 
were observed in the one really good Solsville 
valve interior (fig. 8B, C, D). Hall (1884, pi. 
14, figs. 15-20) indicated from as few as two 
to as many as four or five cardinal teeth in 
P. flabella (his fig. 30 shows three). 

Hall (1884) and Beushausen (1884) indi¬ 
cated conspecificity for P. fasciculata with P. 
costulata (Roemer) from the Siegenian of Eu¬ 
rope. Roemer’s (1854, pi. 1, fig. 3) single fig¬ 
ure depicts a small (juvenile?) rounded spec¬ 
imen with an angular auricle and the general 
outline, radial ribbing, and reticulating growth 
lines of P. fasciculata. Freeh (1891), Dahmer 
(1943), and Babin (1966), however, consid¬ 
ered P. costulata a separate species because 
of its small size, reduced wing, expanded au¬ 
ricle and two emphasized radial ribs along 
the anterior margin. According to Beushau¬ 
sen (1884) the ribs were not costae but plicae 
(i.e., they are also visible on the shell inte¬ 
rior), but this is not the case in Freeh’s figure 
(1891, pi. 9, fig. 9). The form of P. costulata 
is reminiscent of the European P. costata 
(Goldfuss) (see Babin, 1966), a strongly an¬ 
gular species with robust, widely spaced ra¬ 
dial plicae (as shown by Freeh, 1891, pi. 9, 
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figs. 4-8) whose specific identity seems cer¬ 
tain (Maillieux, 1937). In some respects the 
earlier (ancestral?) P. costulata seems mor¬ 
phologically intermediate between the two 
later species, P. costata (early Emsian) and 
P. fasciculata (late Emsian-?Frasnian). The 
specimens attributed to P. costulata by Freeh, 
for example, seem more rounded and in 
greater agreement with P. fasciculata. The 
few published examples of P. costulata are so 
fragmentary that proper evaluation is diffi¬ 
cult. 

Pterinea subtilicosta from the German 
(Lower?) Devonian is, at least in part, a junior 
synonym of P. fasciculata. One set of Spries- 
tersbach’s (1915, pi. 8, figs. 7-9) original fig¬ 
ures are indeterminate, consisting of draw¬ 
ings of a partial hinge, an internal mold and 
a (distorted?) left valve. However, his plate 
23, figure 1 and la, are photographs showing 
another specimen which, although partially 
hidden in matrix, so profoundly resembles 
Solsville P. fasciculata as to leave little doubt. 

Aside from suggestive prosopon shown on 
a small shell fragment figured by Spriesters- 
bach and Fuchs (1909), there are insufficient 
data in their remaining illustrations to link 
their species, “ Pterinea ” gracilis from the 
German Remscheider Schichten (Emsian), 
with P. fasciculata : one figure is too stylized; 
three figures show small, specifically indeter¬ 
minate internal molds; and two figures show 
hinges which, if accurate, easily exclude this 
species as a possible synonym. However, three 
of the four later figures of “Pterinea” gracilis 
shown by Spriestersbach (1915,1925) strong¬ 
ly favor P. fasciculata. 

“ Pterinea ” lorana from the German Huns- 
riickschiefer (Siegenian-Emsian) as originally 
figured by Fuchs (1915) is like P. fasciculata 
but too distorted and fragmentary to be sure. 

Walcott (1884) described “ Pterinea ” fla- 
bella from the Devonian lower Nevada 
Limestone, Lone Mountain, Nevada. Al¬ 
though superficially similar to P. fasciculata 
the western specimens probably belong to a 
separate species for the following reasons: (1) 
the specimen in Walcott’s plate 5, figure 6 
completely lacks the characteristic anterior 
auricle; (2) the auricle seems too small in his 
other figure and the radial ribbing too dis¬ 
continuous anteriorly. 


One incomplete specimen of Whiteaves’ 
“ Pterinea ” lobata (1892, pi. 38, fig. 4) from 
the Devonian of Manitoba suggests P. fas¬ 
ciculata but is too fragmentary for verifica¬ 
tion. However, his remaining Tridacna-\ike 
specimens of P. lobata are probably not pteri- 
neids and belong to a species not seen else¬ 
where in North America but strikingly like 
Holzapfel’s (1895) “ Aviculopecten ” lo- 

batus from Germany. 

Ohern and Maynard (1913) described 
specimens from the Ridgeley Sandstone 
(=Oriskany; see Oliver et al., 1969), Cum¬ 
berland, Maryland, which they placed in 
“ Pterinea ” halli Clarke [and Ruedemann], 
1903 securiformis Hall, 1859; 

renamed by Clarke because Hall had unwit¬ 
tingly coined Avicula securiformis as a new 
species on two occasions (1852, 1859) in ref¬ 
erence to two different taxa]. The two illus¬ 
trated specimens (Ohern and Maynard, 1913, 
pi. 78, figs. 11, 12) show strong prosoponal 
similarities in the left valve to P. fasciculata , 
but the radial ribs appear to be much nar¬ 
rower than is typical in the latter. More im¬ 
portantly, however, the auricle does not ap¬ 
pear to have the strongly inflated, rugose 
character of subgenus Cornellites, but, in¬ 
stead, seems more obliquely truncate as in 
subgenus Ptychopteria as diagnosed by New¬ 
ell and LaRocque (in Moore, 1969). 

Clarke and Swartz (1913) described “ Pteri¬ 
nea ” nodocostata based on three left valves 
from the Jennings Formation (Chemungian) 
near Oakland, Maryland. Two specimens 
(their pi. 61, figs. 19,20) are like P. fasciculata 
except for a less prosocline attitude and flat¬ 
tened, bladelike obliquely truncated auricles. 
In certain specimens of P. fasciculata figured 
as Pterinea flabella by Hall (1883, 1884), the 
auricles occasionally approach a similar form 
(preservation?). McAlester (1962a) suggested 
possible conspecificity for “ Pterinea ” nodo¬ 
costata with “ Cornellites ” chemungensis 
(Conrad) [probably not Cornellites as under¬ 
stood here but assignable to subgenus 
Ptychopteria using Newell and LaRocque’s 
criteria; emended name here designated 
Ptychopteria ( Ptychopteria) chemungensis ]. 
Figure 20 of Clarke and Swartz is, indeed, 
similar to P. chemungensis in its manifold 
narrow radial ribs and almost acline form. 
Their other two figures, however, seem in- 
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Fig. 10. Ptychopteria {Cornellites) fasciculata (Goldfuss). A-C. Figures of Freeh (1891, pi. 9, figs. 1, 
la, 2) from the early Devonian Emsian (upper Coblenzschichten) of Germany (Miellen bei Ems). A. 
Left valve (XI). B. Elements of prosopon (enlarged). C. Interior of a left valve showing cardinal teeth, 
cardinolateral and lateral teeth, anterior and posterior adductor muscle scars, and simple pallial line. 


termediate between either Ptychopteria halli 
(Clarke and Ruedemann) or P. fasciculata , 
on the one hand, and P. chemungensis on the 
other. 

Clarke (1907, 1909, pi. 4, figs. 1-7) re¬ 
ported “ Pterinea ” fasciculata Goldfuss var. 
occidentalis from “horizon 11” in the Lower 
Devonian Dalhousie Shale (Helderbergian) 
of New Brunswick. This species has been 
misidentified and is, in fact, quite different 
from P. fasciculata . Numerous distinctions 
are evident: Clarke stated that in the Held¬ 
erbergian form both valves are convex al¬ 
though the left member is strongly favored; 
the reticulating growth lines and ribs of the 
right valve are similar to those of the left [his 
pi. 4, fig. 12 shows two strong ribs on the 
anterior margin (cf. P. costulatal )] though they 
are markedly less prominent in the umbonal 
region of the lesser valve; the convex anterior 
lobe is proportionately larger, more obliquely 
truncate and less nasute than in P. fascicu¬ 
lata , and the byssal sinus is much less pro¬ 
nounced; and, finally, the main body of the 
shell is rather extreme in its prosoclinal at¬ 
titude. Morphologically, var. occidentalis 
seems more nearly akin to “ Pterinea ” (=Ac- 
tinopterella Williams, 1908, a synonym of 
Ptychopteria according to Newell and La- 
Rocque in Moore, 1969) radialis Clarke, 1907 
from the Lower Devonian Chapman Sand¬ 
stone of Maine. 


Clarke (1907, 1909, pi. 25, figs. 1-7) also 
reported “ Pterinea ” cf. fasciculata Goldfuss 
from the Chapman Sandstone of Maine. This 
species is even more remarkably distinct from 
P. fasciculata than is var. occidentalis. Al¬ 
though a reticulating ornament is present, the 
character, in its simplicity, is clearly not that 
of P. fasciculata. Moreover, this species ex¬ 
hibits a strongly prominent, rather pecte- 
noid, obliquely truncate, bladelike anterior 
auricle and is exceedingly similar to the spec¬ 
imen Clarke attributed to “ Pterinea ” radialis 
shown in the upper right hand figure on page 
207 in Clarke (1907) from the same beds. 

Autecology: Ptychopteria fasciculata 
from the Solsville seem most numerous in 
the sandy/silty facies ( Gosseletia community) 
and are rarer in the darker silty argillites ( Nu- 
culoidea community) although, when found 
in the latter, individuals are normally better 
preserved. This appears consistent with 
McAlester’s (1962a, p. 37) observations of 
“ Cornellites ” chemungensis shells which, he 
stated, “are abundant in the sandier horizons 
of the middle Chemung . . . but rare else¬ 
where.” However, the mode of life of this 
late Devonian species, as portrayed by Stan¬ 
ley (1972), was, based upon morphological 
distinctions, probably different from P. fas¬ 
ciculata. 

McAlester (1962a) proposed that “ Cornel¬ 
lites ” chemungensis represents the end mem- 
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ber in a pterineid lineage preceded respec¬ 
tively by Actinopteria taberi and A. boydi. 
Stanley (1972, p. 184) indicated that the pro¬ 
posed ancestral species, A. boydi, is “mod¬ 
erately inflated and nearly equivalve with a 
lobate anterior and a shallow byssal sinus.” 
A shell of this shape, he concluded, would 
not be positionally stable in significant water 
currents if the life position were either epi- 
byssate reclining or epibyssate erect. He 
therefore proposed that this species grew in 
an erect endobyssate, semi-infaunal position. 
This conclusion has apparently been sup¬ 
ported by Thayer (1974). According to Stan¬ 
ley (1972), the proposed transition of A. boy¬ 
di through A. taberi to “ Cornellites ” 
chemungensis involved the following mor¬ 
phological changes: (1) flattening of the right 
valve; (2) transformation of the inflated au¬ 
ricle and shallow byssal sinus into a bladelike 
auricle and deep byssal sinus; and (3) a pro- 
socline to acline change of umbonal posture. 
These changes, he indicated, were stabilizing 
adaptations for epifaunal attachment with the 
sagittal plane at a low angle with respect to 
the substrate as in the case of many modem 
pectinids and pteriids (see figs. 16 and 17f of 
Stanley, 1972). 

Kauffman (in Moore, 1969) included 
“Cornellites ” along with Pteria and Pinctada 
in his group of epibyssate, free-swinging bi¬ 
valves adapted to attachment on exposed, 
elevated surfaces (e.g., marine plants), the 
rudder-like streamlining enabling the shells 
to swing freely with fluctuating currents much 
as a weathervane. Water flow orients such 
bivalves into the currents with the hinge line 
parallel to the direction of flow, the wing 
pointing downcurrent. Positioned thusly, the 
water is first channeled along the anteroven- 
trally located inhalant region of the commis¬ 
sure and thence over the convexity of the 
body chamber resulting in a temporary in¬ 
crease in the hydrostatic pressure exerted on 
the shell (see Kauffman, p. N146; Cox, fig. 
35, p. N34, in Moore, 1969). The pressure is 
then immediately relieved just behind the 
central convexity where water is channeled 
along the sulcus (where the wing attaches) and 
discharged along the embayment of the wing, 
effectively removing waste from the exhalant 
opening. Most free-swinging pterioids are 
equivalved for streamlining and, as Kauff¬ 
man noted, thin-shelled due to the limita¬ 


tions imposed by weight in an elevated, at¬ 
tached position, their ability to swing to and 
fro with current changes being their primary 
protective device to prevent shell damage. In 
P. fasciculata, however, the shells are strong¬ 
ly inequivalved and very thick. In view of 
these observations as well as Stanley’s inter¬ 
pretation of the mode of life of “C.” che¬ 
mungensis above, Kauffman’s conclusions on 
the mode of life of “ Cornellites ” seem im¬ 
probable. 

Although the wing and auricle of P. fas¬ 
ciculata seem indicative of an ancestry among 
the elevated, free-swinging pterioids, its 
unique morphologic modifications suggest a 
more benthic life style. These modifications 
include: (1) pronounced inequity in valve de¬ 
velopment with swollen left and resupinate 
right shells; (2) deeply etched radial ribbing 
and nodose reticulations confined mostly to 
the left valve; (3) a strongly inflated left au¬ 
ricle with accentuated byssal sinus, perma¬ 
nent byssal gape, and a deep byssal groove 
or notch on the right valve; and (4) no inter¬ 
nal evidence for strongly attached byssal 
musculature. Reduction of convexity and or¬ 
nament of one valve and weakly attached 
byssal musculature are, according to Stanley 
(1972), indications of a low angle shell pos¬ 
ture. The extreme flattening of the right valve 
might be evidence of a completely reclining 
attitude with the right valve in contact with 
the substrate and the left valve upward, the 
ribbing serving to reduce hydraulic friction 
by breaking up currents flowing over the shell 
surface (see Kauffman’s comments regarding 
the adaptive significance of shell ribbing, in 
Moore, 1969, p. N145). The resupinate shape 
of the lowermost valve might indicate a mode 
of byssal attachment to firm, rounded sur¬ 
faces of low convexity (rocks, shell debris, 
etc.). However, since some specimens are 
found in the dark Solsville argillites, it is also 
conceivable that a near vertical, partial burial 
of the umbonal and hinge region (an endo¬ 
byssate mode 2 of life as proposed by Stanley, 
1972, for A. boydi) was adopted. 

A more satisfying alternative view of the 
life position of P. fasciculata is proposed here 
(see figs. 5, 6, and 11) in analogy to that of 

2 Stanley (1972) apparently considered the inflated au¬ 
ricle in A. boydi to be a possible indication of endobys¬ 
sate attachment. 
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Fig. 11. Life habit reconstruction of Ptychop- 
teria ( Cornellites ) fasciculata (Goldfuss) compared 
with that of a productid brachiopod. A. Lateral 
view of a partially buried productid in growth po¬ 
sition (based upon Grant, 1966, 1968). B. Anterior 
marginal view of reclining, partially buried P. fas¬ 
ciculata showing radiating byssal filaments. Ar¬ 
rows show inhalant and exhalant water flow. 

productid brachiopods (see Grant, 1966, 
1968; also Raup and Stanley, 1978; and Val¬ 
entine, 1973). Among productids a boatlike, 
deeply convex, nodose or spiney-omamented 
ventral valve lies underneath to maintain po¬ 
sitional stability in soft, thixotropic muds in 
which it is largely buried. The dorsal valve, 
with its smoother ornament, is flattened or 
develops a concave/resupinate shape during 
growth forming a snorkel-like commissural 
lip projecting above the sediment/water in¬ 
terface for suspension feeding. By analogy, P. 
fasciculata had a byssally attached reclining 
posture, the strongly inflated valve posi¬ 
tioned below and partially or mostly buried 
in the mud. Aided by the broad wing and 


swollen auricle, the strong radial ribs and no¬ 
dose reticulations would serve the same pur¬ 
pose as the productid spines. Likewise, the 
flattened right valve would have lain above, 
its resupinate shape forming a similar com¬ 
missural lip above the mud. Such a lifestyle 
would enable P. fasciculata to live on a broad 
range of substrates, even in muds too soft for 
other suspension feeders. This would appear 
to explain the ubiquitous distribution of this 
species among a variety of lithologic types 
and among both infaunal deposit-feeding and 
endobyssate/epibyssate suspension-feeding 
bivalve paleocommunities (see table 3). 

SUPERFAMILY AMBONYCHIACEA MILLER, 1877 
FAMILY AMBONYCHIIDAE MILLER, 1877 
GENUS GOSSELETIA BARROIS, 1882 

Type Species: Gosseletia devonica Barrois, 
1882, from the Lower Devonian of Spain 
(Asturias) by subsequent designation of Foll- 
mann (1885) and Maillieux (1937). 

Generic Usage: Pojeta (1966) has sum¬ 
marized the status of Gosseletia with respect 
to other members of the Ambonychiidae and 
has presented an exhaustive generic synon¬ 
ymy. An earlier diagnosis of Maillieux (1937) 
was adopted by LaRocque (1950; see La- 
Rocque’s English translation of Maillieux’s 
text); and a more recent diagnosis is given by 
Newell and LaRocque (in Moore, 1969). 

Gosseletia was first proposed by Barrois 
(1882) on the basis of ambonychiid material 
from the early Devonian of Spain. De- 
Koninck (1883) subsequently applied Gos¬ 
seletia to a gastropod genus which later (see 
Fischer, 1885) was properly replaced by Gos- 
seletina. As Pojeta (1966) indicated, begin¬ 
ning with Hall (1883), many later American 
authors have consistently misspelled Gosse¬ 
letia as “ Gosselettia ” although Grabau (1906), 
LaRocque (1950), Pojeta (1966), Bailey (1975, 
1978a), and Carter and Tevesz (1978b) have 
used Barrois’s original spelling. Clarke and 
Swartz (1913) spelled it “ Gosselletia and 
Stauffer (1916) even used “ Glosseletina .” 

Lophonychia Pohl was considered by 
LaRocque (1950) as synonymous with Gos¬ 
seletia. Pojeta (1966), however, regarded them 
as distinct because of the lack of an auricle 
and the possession of costellate prosopon in 
the type species of Lophonychia. I reject this 
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distinction since the type species of Gosse- 
letia also lacks an auricle. Moreover, study 
of the Solsville material shows the auricle to 
be variably developed. Its presence or ab¬ 
sence should not therefore be used here as a 
generic character. More recently, Newell and 
LaRocque (in Moore, 1969) have accepted 
Lophonychia as a synonym of Mytilarca Hall 
and Whitfield, 1869. 

Cyrtodontopsis was proposed by Freeh 
(1891) as a subgenus of Gosseletia comprising 
four species. Maillieux (1937) dissolved this 
distinction, as Pojeta (1966) noted, on the 
following basis: 

(A) Cyrtodontopsis kayseri Freeh and C. 
quarzitica Freeh should be placed in 
Cyrtodonta Billings. 

(B) Cyrtodontopsis praecursor Freeh 
should be placed in Modiomorpha 
Hall and Whitfield. 

(C) Cyrtodontopsis halfari is a species of 
Gosseletia. 

Freeh (1891) gave three categories of Gos¬ 
seletia: smooth species without radial rib¬ 
bing, the prosopon consisting dominantly of 
concentric growth lineations (Gruppe der 
Gosseletia devonica Barrois); species with 
pronounced radial ribbing (Gruppe der Gos¬ 
seletia truncata Roemer); and species with 
very small hinge teeth showing both empha¬ 
sized radial ribbing and concentric growth 
lines (Gruppe der Gosseletia microdon Freeh). 
Drevermann (1907) used one species of the 
last group, G. pseudalectryonia as the type 
species for Follmannia, later considered a 
subgenus of Nathorstella Kayser, 1901 by 
Newell and LaRocque (in Moore, 1969). The 
remaining species of this group are poorly 
documented. Gosseletia cancellata Freeh 
(1891, pi. 15, fig. 8) was based upon a pro¬ 
sopon fragment with abraded coarsely retic¬ 
ulating ornament of doubtful affinities, an in¬ 
ternal mold probably belonging to 
Follmannia or Mytilarca (Freeh’s pi. 14, fig. 
8a), and another internal mold with a prom¬ 
inent auricle and byssal sinus distinctly pter- 
ineid in form (Freeh’s pi. 14, fig. 8b). Ironi¬ 
cally, G. microdon Freeh, the namesake of 
the group, was based upon a single internal 
mold with no preserved prosopon whatso¬ 
ever. The specimen (Freeh’s pi. 13, fig. 5) has 
an outline resembling Gosseletia, but it lacks 


an auricle, has obsolescent hinge teeth, and 
logically belongs elsewhere. 

Maillieux (1920, 1937) did not recognize 
Freeh’s Gruppe der Gosseletia microdon but 
did maintain a bipartite subdivision of Gos¬ 
seletia, erecting G. (Gosseletia) to contain 
Freeh’s Gruppe der Gosseletia devonica Bar¬ 
rois and G. (Stappersella ) for Gosseletia 
species with radial ribbing (costae near the 
umbones becoming plicae ventrally), i.e., 
Freeh’s Gruppe der Gosseletia truncata Roe¬ 
mer. Pojeta (1966) eliminated the subgeneric 
division of Gosseletia by raising Stappersella 
to generic rank, a decision supported by New¬ 
ell and LaRocque (in Moore, 1969). 

Gosseletia as diagnosed by Newell and 
LaRocque (in Moore, 1969) is restricted to 
species lacking radial prosoponal elements. 
However, even the smooth forms (i.e., Gos¬ 
seletia, sensu stricto) also have a few radial 
lineations in the prosopon as noted by Foll- 
mann (1885) and by Freeh (1891, p. 117) who 
made the following observation: “Die Ob- 
erflache ist mit deutlichen concentrischen 
Anwachsstreifen und ganz feinen, nur mit 
Lupe einigermaasen erkennbaren radialen 
Linien bedeckt.” The same radial elements 
can occasionally be observed among some 
Solsville specimens of G. triquetra. However, 
these lineations in both German and Amer¬ 
ican species are faint (fig. 13 A) and variably 
developed over the shell; they cannot be con¬ 
fused with the costae/plicae of Stappersella. 
With this emendation, I accept the diagnosis 
of Gosseletia given by Newell and LaRocque. 

Range: In North America Gosseletia has 
been reported from the Middle Devonian 
(Hamilton) where it is relatively rare (see ta¬ 
ble 3). It is noticeably absent from the Lower 
Devonian (e.g., Clarke, 1900, 1908, 1909; 
Ohem and Maynard, 1913; Williams and 
Breger, 1916) as well as the Upper Devonian 
(Clarke, 1904; McAlester, 1962a, 1962b, 
1963a, 1963b). Clarke and Swartz (1913, pi. 
63, fig. 20) reported “ Gosseletia sp.?” from 
the Upper Devonian Jennings Formation of 
Maryland; however, this specimen shows 
strong plicae on the internal mold and is 
clearly not Gosseletia but, perhaps, Stapper¬ 
sella. 

In the Devonian of the Rhineland Gosse¬ 
letia has a greater stratigraphic range, ap¬ 
pearing in the Lower Devonian (Siegenian?) 
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and lingering into the Upper Devonian (Fras- 
nian) (Follmann, 1885; Freeh, 1891). 

Gosseletia triquetra (Conrad), 1838 
Figures 1A, 6A, 12-16, 18B 

Pterinea triqueter Conrad, 1838, p. 116. 
Mytilarca triqueter (Conrad). Hall and Whitfield, 
1869, p. 22. 

Mytilarca triquetra (Conrad). Miller, 1877, p. 197. 
Gosselettia [sic] triquetra (Conrad). Hall, 1883, pi. 
31, figs. 9-17; 1884, p. 265, pi. 31, figs. 9-17, 
pi. 87, fig. 12. Whitfield and Hovey, 1900, p. 
278. Clarke and Ruedemann, 1903, p. 394. 
Cooper, 1930, p. 133. Cooper et al., 1942, p. 
1779. Stumm, 1942, p. 557. Shimer and Shrock, 
1944, p. 387, pi. 150, fig. 6. Ehlers, Stumm, and 
Kesling, 1951, p. 20, pi. 5, fig. 15. Stumm and 
Chilman, 1967, p. 130. Rollins, Eldredge, and 
Spiller, 1971, p. 134. Wilson, 1975, p. 126. 
Gosseletia triquetra Hall [sic]. Follmann, 1885, pp. 

211,214. Freeh, 1891, p. 115. 

Glosseletina [sic] triquetra . Stauffer, 1916, p. 477. 
Gosseletia triquetra (Conrad). Grabau, 1906, p. 
330. Pojeta, 1966, p. 183, pi. 35, figs. 2^1, 8- 
18. Bailey, 1975, p. 60, pi. 3, figs. 7-9, pi. 4, 
figs. 1-8, pi. 5, figs. 1-3, text-figs. 7-9; 1978a, 
p. 121. Carter and Tevesz, 1978b, p. 867, fig. 
16. 

tl?l Lophonychia cordata Stewart, 1933, p. 179, 
pi. 24, figs. 15-17. Ehlers, Stumm, and Kesling, 
1951, pi. 5, figs. 13, 14. 

t[?] Gosseletia securiformis Follmann, 1885, p. 209, 
pi. 4, fig. 3[?] [not fig. 3a, b]. Freeh, 1891, p. 
114, pi. 16, figs. 2-5. 

t[?] Gosseletia distincta Follmann, 1885, p. 214, 
pi. 5, fig. 5, 5a. Freeh, 1891, p. 117, pi. 16, fig. 
17. 

t[?] Gosseletia alta Follmann, 1885, p. 211, pi. 4, 
fig. 1, la, lb. Freeh, 1891, p. 115, pi. 16, figs. 
6-7a. Maillieux, 1933, p. 61; 1937, p. 86. 
t[?] Gosseletia schizodon Freeh, 1891, p. 115, pi. 
13, fig. 6, 6a. [Compare with Solsville specimen 
fig. 14E.] 

t[??] Gosseletia minor Freeh, 1891, p. 116, pi. 16, 
fig. 18. 

Description: Shells alate, subtrigonal in 
outline, equivalve, prosogyrous/prosocline, 
medium to large in size; height often greater 
than length; very inequilateral, the promi¬ 
nent umbones anteriorly terminal and ex¬ 
tending moderately to well above the straight, 
posteriorly positioned hinge line. Behind the 
umbones the valves are expanded into a 
broad, moderately inflated wing smoothly 
curving posteroventrally. The anterior um- 


bonal slope forms an oblique, ventricose Ca¬ 
rina with a truncate, flattened to faintly con¬ 
cave anterior face with a cordate outline in 
articulated specimens (see fig. 12G). The Ca¬ 
rina shows its greatest inflation in the mid¬ 
dorsal region, rapidly decreasing dorsally (and 
abruptly anteriorly) and gently decreasing 
ventrally and posteriorly. In the dorsal region 
of the flattened, anterior face immediately 
below the umbones is a weakly developed to 
obsolescent swelling, a dorsoanterior lobe 
(auricle) (=anterodorsal salient of Newell, 
1942) (see fig. 12) with a very shallow byssal 
sinus beneath. Byssal gape is lacking. The 
mean value of the G-angle ( 7 , the angle be¬ 
tween the hinge line and anterior face) for 16 
specimens is 65°. 

The prosopon consists almost solely of 
moderately fine, concentric growth lines with 
a number of weak growth varices, variably 
spaced. Some extremely subtle, fine, radiat¬ 
ing elements, however, may be occasionally 
seen in low angle light especially along the 
anterior face of well preserved specimens (see 
fig. 13 A). 

An external, opisthodetic ligamental area 
is present as a deep furrow (fig. 12J, L) along 
the straight hinge line between the valves. 
The inner surfaces of the furrow have a series 
of fine, parallel grooves (figs. 14A-D, G, 15) 
indicative of a duplivincular ligament. 

Behind the umbones the hinge plate be¬ 
neath the ligamental area is narrow (fig. 14A) 
to (?)obsolescent (fig. 14G) expanding be¬ 
neath the umbones into a trigonal platform 
supporting a variable series of cardinal teeth. 
Two right valves contain four subparallel, 
only slightly radiating cardinal teeth oriented 
obliquely with respect to the hinge line. The 
upper and lower pair may be separate (e.g., 
fig. 14A) or lightly joined anteriorly to form 
A-shaped, i.e., bifid members (fig. 14B and 
especially C) diverging posteroventrally. The 
upper three cardinal teeth are strong and 
elongate, becoming shorter ventrally. The 
lowermost cardinal tooth may be little more 
than a short, linear pustule. 

The cardinal dentition of three comparably 
sized left valves (fig. 14D, G, and fig. 15 which 
is a reconstruction based upon a plastilina 
cast of a natural mold, fig. 14E, of the hinge 
of a left valve) show three (or four) cardinal 
teeth. Two strong, elongate, oblique cardinal 
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teeth are positioned on the hinge plate above 
a shorter, variably shaped, often schizoid 
lower cardinal tooth (somewhat A-shaped). 
In one case (fig. 15) a faint, minor denticle 
bisects the diverging limbs of the lower car¬ 
dinal tooth. 

The presence of lateral teeth in G. triquetra 
has been noted by Pojeta (1966, pi. 35, fig. 
13) and Hall (1854) who indicated that they 
are elongate and extend nearly to the shell 
margin. However, none were here observed 
since the wing is so often broken away on 
single valves. Pojeta’s figure indicates at least 
two lateral teeth in the left valve. Freeh (1891) 
noted two lateral teeth in the right valve of 
G. securiformis and three in the left valve. 

The anterior adductor scar (figs. 14A-G, 
15, 16A, B) is small and circular and placed 
beneath the anteriormost lower cardinal tooth 
on a round, sloping (i.e., not coplanar with 
the hinge plate but dipping posteroventrally 
away from it) myophoric shelf lying beneath 
the hinge plate where it is supported under¬ 
neath by an elongate, ridgelike buttress or 
pedestal extending a short distance ventrally 
from the hinge plate. 

Maillieux (1937) described the posterior 
adductor scar of Gosseletia as large and faint. 
It normally is not well preserved on internal 
molds. In one exception (figs. 12A, B, 13D, 
E), however, it is evident in the dorsoposte- 
rior region of both valves. In each case it is 
a distinctly bilobate structure, reniform in 
outline. The dorsoanterior lobe possibly 
marks the position of attachment of the pos¬ 
terior byssal/pedal retractor musculature (e.g., 
compare with the bilobate posterior adductor 
scar of Modiomorpha concentrica, fig. 46H, 
and Ambonychia , fig. C257b of Newell and 
LaRocque in Moore, 1969), whereas the ven- 
troposterior lobe appears to denote the po¬ 
sition of attachment of the posterior adductor 
muscle proper. Extending immediately for¬ 
ward of the dorsoanterior lobe of the scar is 
a deep groove in the shell beneath and par¬ 
allel to the hinge line. In analogy to Recent 
Mytilus this may alternatively represent a line 
of attachment of byssal/pedal retractor mus¬ 
cle fibers. 

The possible point of attachment of the 
anterior byssal/pedal retractor musculature is 
shown in figure 16B immediately behind the 
anterior adductor myophoric shelf where a 


TABLE 6 

Measurements (in Millimeters) of Gosseletia 
triquetra (Conrad) 


Locality 

Length 

Height 

Width 0 

G-Angle 

(7)‘ 

AMNH 3012 

21.7 

26.3 

17.5 

70° 

AMNH 3013 

33.4 

30.4 

21.1 

62° 


37 c 

42.1 

29.9 

74° 


47.4 

37' 

41.2 

65° 


28' 

29' 

20' 

60° 


47.9 

57.8 

45.9 

84° 


40 c 

42' 

— 

00 

o 


36.7 

33' 

— 

64° 


34' 

36' 

— 

67° 


— 

36.3 

28.3 

— 


33' 

38.9 

22.5' 

63° 


26' 

29' 

35.3 

ON 

OO 

0 


37' 

35' 

20.7' 

67° 

AMNH 3014 

50' 

48' 

24.9' 

65° 

Miscellaneous 

78 c 

51'' 

54.4 

43°' 

Solsville 

67' 

54.5' 

49.2 

40°' 


47.5 

50.0 

36.4 

60° 


42 c 

47' 

23' 

53° 


— 

- 

- 

54° 


° Total width, both valves articulated. 

b See Pojeta (1966, p. 139); y = angle between carina 
and hinge line. 

' Specimen broken. Dimension approximate and in¬ 
ferred. 

' Width of a single valve. Articulated width would 
have been roughly double. Width in the remainder of 
specimens represents maximum inflation of carina of 
articulated valves. 

' Specimen distorted. Measurement does not reflect 
original valve. 


small, shallow, irregular depression or scar in 
the buttressed border of the shelf is visible. 
In a second specimen (fig. 16A) this pit ap¬ 
pears to be shifted a bit dorsally, and its mar¬ 
gins are more clearly defined. In some well- 
preserved specimens the anterior byssal/ped¬ 
al retractors were evidently so weakly at¬ 
tached that no anterior pit is apparent. 

The pallial line is simple and weakly im¬ 
pressed, running along and close to the shell 
margins. Within the arc of the pallial line are 
numerous pallial punctae (fig. 13B, C) ran¬ 
domly distributed in the anterior dorsolateral 
and umbonal regions. These, as earlier noted, 
represent points of muscular attachment of 
the mantle to the shell. 

Recrystallized/replaced shell material in- 
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Fig. 12. Gosseletia triquetra (Conrad). A-C. Internal mold with shell fragments (AMNH 36179) 
from AMNH loc. 3013. A. Right valve. B. Left valve. C. Anterior with partial shell. D-G. Internal mold 
with partial shell (AMNH 36181) from AMNH loc. 3013. D. Right valve. E. Dorsal view. F. Left valve. 
G. Anterior view. H-J. Articulated specimen (AMNH 36184) from AMNH loc. 3012. H. Left valve. I. 
Right valve. J. Dorsal (hinge) view. K. A right valve (AMNH 36162) from AMNH loc 3013. L-N. 
Articulated specimen (AMNH 36242) from AMNH loc. 3013. L. Dorsal (hinge) view. M. Anterior view 
with encrusting bryozoan. N. Right shell (crushed). 

Abbreviation: dal—dorsoantenor lobe (auricle). 
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Fig. 13. Gosseletia triquetra (Conrad). A-C. AMNH 36181 from AMNH loc. 3013. A. Anterior shell 
detail showing growth lines marked by fine to obsolescent radial ornament. B, C. Pallial punctae on 
internal mold. D, E. Internal mold, AMNH 36179 from AMNH loc. 3013. D. Right posterior adductor 
scar. E. Left posterior adductor scar. 


dicates that the valves were of only moderate 
thickness in the wing region becoming ex¬ 
tremely thick in the umbones and along the 
carina and thinning slightly along the anterior 
face. Original shell microstructure has been 
described by Carter and Tevesz (1978b). 

Remarks: As noted above, the height of 
G. triquetra is usually greater than the length. 
This is confirmed by Pojeta (1966) who mea¬ 
sured a length of 43 mm. and a height of 51 
mm. in the probable holotype. However, in 
Hall’s (1884) dimensions the reverse seems 
true. He listed two specimens having lengths 
of 58 mm. and 80 mm. and heights of 43 
mm. and 55 mm., respectively. Since Hall 


inaccurately referred to the carina as being 
situated “ventrally,” it seems likely that Hall’s 
procedure for orienting the shells of this 
species was different from the accepted meth¬ 
od employed here. 

Comparisons: Pojeta (1966, pi. 35, figs. 8- 
10) showed Conrad’s probable holotype 
(AMNH 5274/1) of G. triquetra. Only one 
other North American species has been de¬ 
scribed, G. retusa Hall (1883) which Hall 
based upon a single specimen from “the 
Hamilton Group, Eighteen Mile Creek, Erie 
Co., N.Y.” Hall indicated that this species 
“differs from G. triquetra in its proportion¬ 
ally longer form which is less expanded pos- 
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i Gmseletia triquetra (Conrad). Hinge views. A. Right valve (AMNH 36162) from AMNH 

v * lve (AMNH 3616 °) from a MNH loc. 3013. C. Right valve (AMNH 36161) from 
AMNH 3013. D. Left valve (AMNH 36216) from AMNH 3013. E. Mold of left hing e (AMNH 36180) 
from AMNH loc. 3014 (see also fig. 15). F. Right valve (AMNH 36182) from AMNH loc 3013 G 

Left valve (AMNH 36183) from AMNH loc. 3013. ' 


Abbreviations: aa-anterior adductor scar, ct-cardinal teeth, dla-duplivincular ligamental area. 
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Fig. 15. Gosseletia triquetra (Conrad). Partial 
hinge reconstruction based upon a plastilina cast 
of a hinge mold (AMNH 36180) from AMNH 
3014 (see fig. 14E). Note the bifid anteriormost 
cardinal tooth and the ancillary denticle bisecting 
it. 

teriorly; hinge line shorter and less oblique 
to the body of the shell; and the ventral um- 
bonal slope less angular along its length.” Of 
G. retusa Pojeta (1966, p. 184) stated: “I have 


not been able to locate Hall’s types of G. 
retusa. The specimen illustrated by Hall has 
a shell shape which differs from that of G. 
triquetra, however, nothing is known of the 
dental structures of G.retusa” Although this 
species is admittedly poorly documented, it 
likely represents a distinct taxon since none 
of the numerous Solsville specimens of G. 
triquetra approach the shell shape of G. re¬ 
tusa which is distinctive in several respects: 
(1) the umbones are more erect; (2) the an¬ 
terior umbonal slope seems less carinate and 
too rounded to obtain an objective deter¬ 
mination of the G-angle; and (3) the shell 
seems to have a slight anterodorsal alation 
or wing. 

Follmann (1885) and Freeh (1891) de¬ 
scribed several smooth gosseletias (Gruppe 
der Gosseletia devonica Barrois) comparable 
to G. triquetra from the Devonian of the 
Rhineland [the writer’s English translation of 
Freeh’s descriptions is given in Bailey (1975)]. 
Three of these, summarized below, do not 
seem significantly different from G. triquetra 
and are, perhaps, conspecific with it: 



Fig. 1 6 . Gosseletia triquetra (Conrad). Tilted right valve interiors from AMNH loc. 3013. A. AMNH 
36163. Arrow shows probable site of anterior byssal/pedal retractor scar. Note the numerous pallial 
punctations beneath the hinge plate. B. AMNH 36162. Arrow shows irregular depression—site of byssal/ 
pedal retractor scar? 
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1. G. securiformis Follmann. Lower Devo¬ 
nian (Emsian) of Germany. Follmann 
(1885) compared this species to G. tri- 
quetra as figured by Hall (1884) indicating 
the dentition and lack of fine radial pro- 
soponal lineations as important distinc¬ 
tions. However, it is evident here (fig. 13 A) 
that radial lineations, though undescribed 
by Hall, are nevertheless present in the 
American species. Furthermore, the orig¬ 
inal dental descriptions of G. securiformis 
were based on an internal mold (Foll- 
mann’s pi. 4, fig. 3a, b) which, owing to 
its exaggerated, pterineid-like develop¬ 
ment of the anterior auricle, is definitely 
not Gosseletia. However, the specimens 
of G. securiformis as later understood by 
Freeh (1891) are markedly similar to G. 
triquetra as he himself (p. 115) attested: 
“In der ausseren Form ist Gosseletia tri¬ 
quetra Hall aus der Hamilton Group des 
Staates New York sehr ahnlich; auch die 
Zahne sind nicht wesentlich verschie- 
den.” 

2. G. distincta Follmann. Middle Devonian 
(Eifelian), Germany. Originally based on 
a single specimen formerly called Avicula 
saturni by Goldfuss. Although the original 
figures show only an unrevealing anterior 
view and an enlargement of the proso- 
ponal detail, Follmann made the follow¬ 
ing remarks (p. 214), again emphasizing 
the radial elements in the prosopon as a 
trait distinguishing it from the American 
species: “Diese Art hat einige Aehn- 
lichkeit mit Gosseletia triquetra, Hall, von 
der sie sich aber schon durch die radialen 
Linien unterscheidet. Unter den schon 
beschriebenen Arten steht ihr Goss, 
securiformis am nachsten.” Freeh (1891) 
later noted that the differences between G. 
distincta and G. securiformis are few. 

3. G. alt a Follmann. Originally based on six 
specimens from the Lower Devonian 
(Emsian) of Germany. Of the gosseletias 
figured by Follmann, this species is best 
documented and seems closest to G. tri¬ 
quetra. His figures show both the shell ex¬ 
terior and internal morphology including 
ligamental area, anterior adductor scar and 
dentition. Freeh remarked that the differ¬ 
ences between G. alta and G. securiformis 
are slight and not always perceptible. 


The best examples of these three species 
were figured by Freeh whose drawings are 
reproduced in figure 17. As shown shell out¬ 
line and prosopon of G. securiformis, G. alta, 
and G. distincta are like those of G. triquetra 
and are generally similar to each other. More¬ 
over, G-angles (65°, 60°, and 63°, respective¬ 
ly) are well within one standard deviation of 
the mean G-angle of G. triquetra (see table 
6 ), and shell shape and musculature descrip¬ 
tions are largely in agreement. Except for the 
following anomalies there appears no mate¬ 
rial basis for drawing a specific distinction 
among them: (1) the shell shape of one spec¬ 
imen of G. securiformis (fig. 17F, H) has a 
more equilaterally trigonal outline with less 
protracted umbones, but appears incomplete 
and, perhaps, distorted; and (2) the shape of 
the posterior adductor scar shown in Freeh’s 
(1891, pi. 16, fig. 5) drawing is circular in 
outline instead of reniform as in G. triquetra. 

Described dentitions of these Rheinish 
species are also more or less similar to the 
variable hinge of Solsville G. triquetra: (1) 
four progressively elongated parallel cardinal 
teeth were described by Freeh in both valves 
of G. securiformis with three lateral teeth in 
the right valve and two in the left; (2) a right 
hinge of G. alta observed by Freeh had four 
subparallel cardinal teeth, the middle two 
joined above [an apparent anomaly; in G. 
triquetra joining of the first with the second 
and third with the fourth cardinals is occa¬ 
sionally observed here, e.g., fig. 14C, E, (?)G]; 
(3) a left hinge of G. distincta described by 
Freeh had three or four parallel cardinal teeth; 
and (4) a right internal mold of G. alta figured 
by Follmann (1885, pi. 4, fig. lb) suggests 
three subparallel cardinal teeth (with the up¬ 
permost two cardinal socket infillings joined 
above) and two or (?)three lateral teeth be¬ 
hind. 

Although ligamental areas are mentioned 
by Freeh in some of the smooth Rheinish 
gosseletias, the precise nature is not given. 
Judging from Freeh’s figures, the parallel- 
grooved, duplivincular ligamental areas are 
all similar to that of G. triquetra except in G. 
distincta, G. minor, and G. ibergensis in which 
the ligamental area was not preserved. 

Gosseletia ibergensis Roemer (Freeh, 1891, 
pi. 17, fig. 5a, b, c) was based on several 
smooth specimens from the basal Upper De- 
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Fig. 17. Rhineland Gosseletia species. A-D. G. alta Follmann. Freeh, 1891, pi. 16, figs. 7, 7a, 6, 6a; 
Lower Devonian (upper Coblenzschichten), Lieserthal bei Wittlich. A. Right valve of articulated spec¬ 
imen. B. Anterior view of same. C. Internal mold with cardinal teeth, anterior adductor scar and pallial 
punctations. D. Dental detail of same (enlarged). E. G. distincta Follmann. Freeh, 1891, pi. 16, fig. 17; 
Middle Devonian, Eifel. Left valve. F-H. G. securiformis Follmann. Freeh, 1891, pi. 16, figs. 3, 3a, 4; 
Lower Devonian (upper Coblenzschichten), Lieserthal bei Wittlich. F. Right valve of articulated spec¬ 
imen. G. Left valve with cardinal teeth partially inferred. H. Anterior view of F. I, J. G. schizodon Freeh, 
1891, pi. 13, figs. 6, 6a; Lower Devonian (Coblenzquarzit), Ems. I. Internal mold with hinge. J. Hinge 
detail (enlarged) of same (artificial cast?). All figs. XI except as noted. 

vonian (Frasnian) of Germany. Little is structure in Freeh’s plate 17, figure 5b. The 
known of the dentition. A single specimen ligament is duplivincular. In outline the shells 
showing the cardinal teeth was distorted in resemble those of G. triquetra but clearly rep- 

preparation; hence the anomalous dental resent a distinct species: the umbones are 
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lower and smaller, and the G-angle is much 
higher, approaching 90°. 

“Gosseletia (?) minor ” Freeh (1891, pi. 16, 
fig. 18) is based on a single specimen from 
the Frasnian of Germany. It has a shell shape 
similar to G. triquetra with a G-angle of ap¬ 
proximately 65°. However, it is very small 
and may represent nothing more than a ju¬ 
venile stage. The internal morphology is un¬ 
known. Freeh was uncertain as to the mem¬ 
bership of G. minor in Gosseletia , noting some 
similarities to Myalina bodana Roemer. 

Gosseletia schizodon Freeh (1891) is based 
upon a partial left internal mold of the um- 
bonal and hinge region from the Lower De¬ 
vonian (Emsian) of Germany. The specimen 
(fig. 171) shows a duplivincular ligament, 
deeply impressed, small, circular adductor 
scar and pallial punctae almost identical with 
a Solsville G. triquetra internal mold (com¬ 
pare with fig. 14E). The hinge shows four 
subparallel cardinal teeth; the first two and 
the last two seem lightly joined to each other 
above as in some G. triquetra. The upper¬ 
most tooth is a simple ridge diverging from 
the rest. The remaining cardinal teeth are 
schizoid, showing an ancillary denticle split¬ 
ting off the ventral margin of each; the low¬ 
ermost seems (?) split in twain. Among the 
Solsville specimens limited schizoid modi¬ 
fications of the cardinal dentition has also 
been observed (see fig. 15). 

Four additional species from the Lower 
Devonian of Germany are given comment 
below: 

1. “ Gosseletia ” radiata Follmann (1885) 
is based upon two unfigured specimens. Ev¬ 
idently they are not Gosseletia , but the radial 
ribbing in Follmann’s description suggest 
Stappersella. 

2. “ Gosseletia ” eifeliensis Follmann (1885) 
is based upon a single unfigured internal mold 
of uncertain affinities. 

3. “Gosseletia” flabellicosta Fuchs (1915, 
pi. 9, fig. 1) is not Gosseletia. The strong plu¬ 
mose radial ribs suggest Follmannia Dre- 
vermann, 1907. 

4. “ Gosseletia ” intermedia Vietor (1919, 
pi. 16, fig. 6) shows strong radial plicae and 
is here placed in Stappersella. 

Autecology: Evidence suggests that G. 
triquetra was an epibyssate suspension feeder 
adapted to relatively firm substrates in mod¬ 


erately energetic to energetic shallow marine 
waters. As indicated in table 2, this species 
is abundant in the silty/sandy facies of the 
Solsville ( Gosseletia community) but absent 
in the argillites ( Nuculoidea community) 
which were probably too soft to support such 
heavy-shelled taxa. 

Studies of the relationships of shell forms 
of Recent bivalves to their life habits have 
permitted reasonable reconstructions of the 
life positions among many extinct taxa. Stan¬ 
ley (1970) has noted that among infaunal and 
semi-infaunal species maximum shell width 
occurs midlaterally, the shells tapering ven- 
trally to form a wedgelike cross-sectional out¬ 
line. Among epibyssate species, such as Myt- 
ilus edulis, however, maximum shell width 
is more ventrally placed, and the lower shell 
margins in contact with the substrate are flat¬ 
tened rather than tapered. This modification 
of shell shape, Stanley indicated, results in 
increased positional stability (i.e., the “snow- 
shoe effect” sensu Bambach, 1971) by low¬ 
ering the center of gravity of the shells and 
providing a broadened base of contact with 
the substrate. 

By analogy, the flat face of the carina or 
keel (the heaviest portion of the shell) of G. 
triquetra was placed downward, the posterior 
wing extending upward into the currents with 
the plane of commissure normal to the sub¬ 
strate (see fig. 6). The internal morphology 
suggests a byssus which probably emerged 
between the shells along the same flat face at 
the faint byssal sinus beneath the auricle. No 
byssal gape is visible, but Pojeta (1966) has 
shown that a byssal gape occurs in few byssate 
ambonychiids. 

Stanley (1972) has suggested that the ex¬ 
tinct ambonychiids occupied epibyssate hab¬ 
itat niches presently held by mytilids. Stanley 
concluded, however, that, in general, ambo¬ 
nychiids were adapted to quieter, less ex¬ 
posed habitats than the mytilids due to weak¬ 
er byssal musculature and normally more 
compressed shells which are likely to be po¬ 
sitionally less stable than more broadly based 
mytilid shells. However, Mytilarca, Stapper¬ 
sella, and Gosseletia are exceptional ambo¬ 
nychiids in the relative development of flat¬ 
tened carinate basal platforms. In Gosseletia 
the base seems particularly broad compared 
with other ambonychiids and considerably 
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Fig. 18. Comparative adaptations for epibyssate life habits in Mytilus edulis (Linne) and Gosseletia 
triquetra (Conrad). A. M. edulis. Contraction of byssal/pedal musculature shown produces a net force 
(f) normal to the lowermost shell margin. (Based on Stanley, 1972.) B. G. triquetra. Contraction of the 
reconstructed byssal/pedal musculature would produce a net force (f) similar to that shown in M. edulis. 


broader and thicker than in Recent Mytilus 
edulis. On the basis of design alone, the shells 
of G. triquetra suggest superior positional sta¬ 
bility to those of M. edulis . Even if the byssal 
musculature were weaker in G. triquetra than 
in M. edulis (internal evidence does not seem 
to support such a conclusion), byssal weak¬ 
ness would be, to some extent, offset by the 
lower center of gravity and wider shell base 
in G. triquetra. Hence, it seems evident that 
G. triquetra was better adapted to more ex¬ 
posed habitat niches, such as those of M. 
edulis , than most other ambonychiids. 

Further evidence for the ecological simi¬ 
larities of G. triquetra and M. edulis is sup¬ 
plied by the relative positions of attachment 
of the byssal retractor musculature within the 
valves. Unlike the condition of Modiolus de- 
missus (and probably Modiomorpha concen- 
trica as well) where the posterior byssal re¬ 


tractor is located well behind the byssus 
resulting in a net force nearly parallel to the 
long axis of the shell (fig. 49) thus acting to 
pull this semi-infaunal byssate species more 
deeply into the substratum when disturbed 
(Stanley, 1972), the position of the byssal re¬ 
tractor musculature in G. triquetra is more 
nearly analogous to that of M. edulis , the pos¬ 
terior byssal retractor having been shifted an¬ 
teriorly to lie almost directly above the bys¬ 
sus. The relatively strong development of the 
posterior byssal retractor [as evidenced by the 
large size of the dorsal lobe of the posterior 
muscular scar and/or the long (?)byssal mus¬ 
cular insertional groove in front of it] and 
corresponding weakness of the anterior re¬ 
tractor would appear to have produced a fair¬ 
ly strong downward force for maintenance of 
position in energetic current conditions (see 
fig. 18). 
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ORDER ARCOIDA STOLICZKA, 1871 
SUPERFAMILY CYRTODONTACEA 
ULRICH, 1894 

FAMILY CYRTODONTIDAE ULRICH, 1894 
GENUS PTYCHODESMA 
HALL AND WHITFIELD, 1872 

Type Species: Ptychodesma knappianum 
Hall and Whitfield (1872) from the “Hy¬ 
draulic beds” at Louisville, Kentucky, by 
original designation and monotypy. 

Type Section: Savage (1930) reported the 
type species from the Silver Creek Limestone 
near the Louisville, Kentucky waterworks. 
The term “Hydraulic Limestone,” according 
to Sutton and Sutton (1937), was formerly 
applied to the Silver Creek Member sensu 
Siebenthal (1900), an argillaceous limestone 
unit beneath the crinoidal Beechwood Lime¬ 
stone Member (Butts, 1915). Together these 
constitute the Sellersburg Limestone {sensu 
Kindle, 1899) which lies stratigraphically 
above the Jeffersonville Limestone and be¬ 
low the New Albany Shale. Cooper et al. 
(1942) and Collinson (1967) correlated the 
Sellersburg with the Hamilton of New York. 
Oliver et al. (1969) indicated the Silver Creek 
to be stratigraphically equivalent to the lower 
Silica Shale and Plum Brook Shale of Ohio 
and the Delphi Station Member of the Ska- 
neateles Formation of central New York State. 

Generic Usage: Ptychodesma is here re¬ 
stricted to anisomyarian, integripalliate, sub- 
modioloid cyrtodontids with small, anterior¬ 
ly placed umbones, straight hinge line and a 
broad, mostly opisthodetic, geniculate, du- 
plivincular ligamental area underlain by a 
thick hinge plate with well-developed ante¬ 
rior and posterior hinge teeth. Separated by 
an edentulous area are two or more short, 
oblique or arcuate cardinal teeth (at least one 
may be varyingly bifurcated) and about two 
lateral teeth. A broad anterior lobe defined 
by a broad, shallow sulcus (a feature variably 
developed in the type species) may have ge¬ 
neric value as well (Newell in Moore, 1969). 

Although many modioloid bivalve species 
have been assigned to Ptychodesma by past 
authors, all, save the type species, are here 
excluded for the following reasons: 

1. Macrodesma Isberg, 1934 (Upper Ordovician- 
Silurian, Sweden) was tentatively placed in syn¬ 
onymy with Ptychodesma by Newell (in Moore, 


1969). It has a modioloid shell, a nongenicu- 
late, anteriorly tapering duplivincular ligamen¬ 
tal area and, according to Isberg is edentulous. 

2. “ Ptychodesma ” neglectum Hall, 1883 (=“P.” 
minor Hall, 1885 according to McAlester, 
1962a) from the Upper Devonian (Chemung) 
of New York has a shell form suggestive of 
Ptychodesma . McAlester (1962a), however, 
speculated that the flattened area along the pos- 
terodorsal margin represents an edentulous 
hinge plate. Provisionally, this species is here 
assigned to Macrodesma. 

3. “ Ptychodesma ” nanum Hall (1885, pi. 93, figs. 
17, 18) from the Upper Devonian (lower Che¬ 
mung) of New York. Hall’s figures show two 
distinct genera. His figure 17 shows a small, 
suborbicular, ventrally embayed shell with a 
small umbo and a relatively long hinge line. 
His figure 18 shows an eccentrically elliptical 
shell with a prominent umbo, short hinge line 
and no ventral embayment; a narrowly elon¬ 
gate anterior auricle is defined by a sharp, radial 
cincture or groove. Neither figure shows de¬ 
monstrable affinities to Ptychodesma. 

4. “ Ptychodesma ” nilsoni (Hisinger) from the Si¬ 
lurian of Sweden and England is here excluded 
on the basis of its edentulous hinge and internal 
ligamental pit (Angelin and Lindstrom, 1880; 
Williams and Breger, 1916; Carter and Tevesz, 
1978a). 

Saul, Boucot, and Finks (1963) described 
Ptychodesma sp. from the Devonian of 
Ghana. Although the shape of their figured 
shells is suggestive of the genus, their identity 
cannot be verified without hinge and liga¬ 
mental data. 

Ptychodesma knappianum 
Hall and Whitfield, 1872 
Figures 5C, 6G, 19-22, 23?, 24, 25 

Ptychodesma Knappiana Hall and Whitfield, 1872, 
p. 192. 

Ptychodesma knappanum Hall [and Whitfield]. 
Miller, 1877, p. 202. 

Ptychodesma Knappianum Hall and Whitfield. 
Hall, 1883, pi. 51, figs. 22-27; 1885, p. 352, pi. 
51, figs. 22-27. 

Ptychodesma knappianum. Nettleroth, 1889, pi. 
2, figs. 13, 15-18. 

Ptychodesma knappiana Hall and Whitfield. Net¬ 
tleroth, 1889, p. 201. 

Ptychodesma knappiana Hall [and Whitfield]. 
Nettleroth, 1889, p. 201. Savage, 1930, p. 97; 
1931, p. 232. 

Ptychodesma knappianum Hall and Whitfield. 
Kindle, 1901, p. 671, pi. 15, fig. 2,2a-c. Grabau 
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and Shimer, 1909, p. 456, fig. 606a-c. Williams 
and Breger, 1916, p. 153. McAlester, 1962a, p. 
41. Bailey, 1975, p. 109, pi. 5, figs. 4-8, pi. 6, 
figs. 1-6, text-figs. 13-17; 1978a, p. 121. Carter 
andTevesz, 1978a, p. 368, pi. 1; 1978b, p. 859. 
Ptychodesma knappanum Hall and Whitfield. 

Newell, in Moore, 1969, p. N250, fig. Cl,l la,b. 
t[?] Modiomorpha tioga Hall. Willard, 1939, pi. 

25, fig. 23. [not] Hall, 1885, p. 291. 
f[?] Ptychodesma ? sp. Beushausen, 1895, p. 32, 
pi. 3, fig. 10a, b. 

Description: Equivalved, strongly inequi¬ 
lateral, prosocline, moderately inflated, thick- 
shelled bivalves of medium size. Shape is 
somewhat mytiloid or modiomorphoid 
though more nearly ovoid or subcircular in 
outline, lacking the greater elongation and 
ventrally embayed curvature. Umbones are 
anteriorly terminal, appressed, in no instance 
rising noticeably above the straight hinge line. 
The extreme anterior margin is more or less 
vertically truncate. 

The prosopon consists of irregular, fine to 
coarse, concentric growth lines lacking in ra¬ 
dial elements. In addition, a number of var¬ 
ices of growth consisting of irregularly placed 
concentric furrows and broad, concentric ru¬ 
gae mark the shell exterior. The rugae may 
also be apparent on inner valve surfaces. 

A mostly opisthodetic, duplivincular lig¬ 
ament is manifested by a deeply excavated 
ligamental area (fig. 19C, D) marked by a 
series of closely spaced, parallel ridges and 
intervening grooves. These form, between the 
beaks, an inequilateral geniculation or 
chevron with a strongly obtuse apex angle 
(about 170°), the grooves and ridges inclining 
slightly toward the hinge line on both sides 
of the apex. One specimen (fig. 19D) shows 
an anomalous sinuosity or inflection of the 
ridges and grooves behind the apex about 
midway along the ligamental area. 

A broad, thick hinge plate lying beneath 
the ligamental area shows a series of short, 
oblique, parallel to slightly diverging cardinal 
teeth separated from a set of lateral teeth by 
an edentulous space. The cardinal teeth lie 
in a roughly circular area near the anterior 
extremity of the hinge plate beneath the beaks 
and just above the anterior adductor scar. 
Placement, form and articulation of the left 
and right cardinal teeth are shown in figures 
21 and 22. 


In the left valve a strong, primary cardinal 
tooth (P L ) is flanked by a deep, bifid (A- 
shaped) anterior socket and a deep, undivid¬ 
ed, posterior socket. A shorter, secondary 
cardinal tooth (SJ lies between the limbs of 
the anterior socket. Marked by a ventrally 
widening medial groove, the secondary car¬ 
dinal tooth is very narrowly A-shaped. Two 
ancillary cardinal teeth (A L ) are each ex¬ 
pressed as thin, raised borders or lips along 
socket margins; a straight one (A L2 ) lies along 
the rear margin of the posterior socket, and 
an arcuate one (A L1 ) is placed along the an¬ 
terior margin of the forwardmost limb of the 
bifid anterior socket. 

In the right valve a strong, A-shaped, pri¬ 
mary cardinal tooth (Pr) is flanked by deep, 
anterior and posterior sockets. A third socket 
is placed medially between the limbs of the 
primary tooth. An undivided secondary car¬ 
dinal tooth (Sr) is placed along the rear mar¬ 
gin of the posterior socket. 

Along the posterior length of the hinge plate, 
a pair of straight or faintly arcuate lateral 
teeth lie parallel to the dorsal hinge margin 
in each valve. In the right valve both lateral 
teeth are prominent, subequal, and separated 
by a deep, elongate socket. In the left valve 
a strong, primary lateral tooth is bounded 
above and below by similar sockets. Below 
the ventral socket in the same valve is a sec¬ 
ond lateral tooth of lesser prominence. As 
shown in figure 21C, the lateral teeth of the 
left valve underlie those of the right valve. 

An internal mold (fig. 19G, H) removed 
from a left valve (the corresponding right 
valve was destroyed in preparation) reveals 
a simple, deeply recessed pallial line and a 
strongly anisomyarian condition with a small, 
circular, deeply impressed anterior adductor 
scar, and a large, rounded, faint, posterior 
adductor scar. Both scars are dorsally placed 
just beneath the anterior and posterior ex¬ 
tremities of the hinge plate. Neither byssal/ 
pedal muscle scars, byssal gape, nor byssal 
sinus were observed. 

Original shell microstructure has been de¬ 
scribed by Carter and Tevesz (1978a). 

Comments: Carter and Tevesz (1978a) have 
noted that past dental descriptions of P. 
knappianum have often been vague and con¬ 
tradictory. Although their two figured hinges 
are among the best in the literature, neither 




Fig. 19. Ptychodesma knappianum Hall and Whitfield. A-D. Articulated specimen (AMNH 36185) 
from AMNH loc. 3014. A. Right valve. B. Left valve. C. Dorsal view showing ligamental area. D. Tilted 
dorsal view showing chevron-shaped insertional grooves for duplivincular ligament. Note anomalous 
posterior inflection of the grooves. E-H. Left valve with its internal mold (AMNH 36187A B) from 
AMNH loc. 3013. E. Left valve exterior (AMNH 36187A). F. Pallial view of same valve. G. Right view 
of internal mold (AMNH 36187B). H. Left view of same internal mold. All figures XI.3. 

Abbreviations: aa-anterior adductor scar, ct-cardinal teeth, dla-duplivincular ligamental area It- 
lateral tooth, pa—posterior adductor scar, pi—pallial line. 
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Fig. 20. Ptychodesma knappianum Hall and Whitfield. A, B. Left and right valves from an articulated 
specimen (AMNH 36188A, B) from AMNH loc. 3013. Prepared by Mr. Frank Lombardy. A. Left valve 
(AMNH 36188A). B. Right valve (AMNH 36188B). C. View of cardinal teeth and hinge plate in a 
partial left valve as figured by Kindle (1901, pi. 15, fig. 2c from the Sellersburg near Charlestown, 
Indiana). 


is adequately preserved to settle the question. 
The hinge descriptions here are based on un¬ 
usually well-preserved left and right hinges 
(AMNH 36T88A, B). Since the tooth and 
socket arrangements of each valve neatly 
complement each other (fig. 22), there seems 
little basis for further doubt. The cardinal 
teeth of another specimen, however (fig. 19F), 
are seemingly at odds with those of the oth¬ 
ers. But the anomalous appearance resulted 
from damage in preparation. In separating 
the destroyed right valve from the figured left 
valve, small-cardinal tooth remnants from 
the right valve remain cemented by calcite 
to the sockets of the left valve. 

Remarks on Morphology: Although the 
duplivincular ligamental area has long been 
recognized in Ptychodesma (e.g., Hall and 
Whitfield, 1872; Hall, 1885; Nettleroth, 1889; 


Beushausen, 1895; Kindle, 1901; Williams 
and Breger, 1916; Newell, 1937; McAlester, 
1962a; Newell in Moore, 1969; Bailey, 1975; 
Carter and Tevesz, 1978a), its form and im¬ 
portance have been disputed. Among figured 
specimens in the literature, the asymmetri¬ 
cally geniculate, grooved pattern seems con¬ 
sistent, the number of grooves increasing with 
shell growth (Hall and Whitfield, 1872). Wil¬ 
liams and Breger (1916), however, remarked 
that the figures of Kindle (1901) demonstrat¬ 
ed that the morphology of the ligamental area 
was of less taxonomic importance and con¬ 
stancy than Hall and Whitfield had supposed. 
Ironically, Kindle’s (1901, pi. 15, fig. 2a) sin¬ 
gle figure of the ligamental area only confirms 
the description of Hall and Whitfield as do 
the Solsville specimens illustrated here. 

Less well known than the ligamental area 
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Fig. 21. Ptychodesma knappianum Hall and Whitfield. A, B. Reconstruction of interior morphology 
based upon prepared specimens. A. Left valve. B. Right valve. C. Relative development and articulation 
of lateral hinge teeth and sockets viewed in cross section, i.e., normal to plane of commissure (drawing 
not to scale). 

Abbreviations: LV—left valve, RV—right valve. 


is the dentition of Ptychodesma. Dental data 
are lacking in Hall and Whitfield’s original 
description of P. knappianum , but Hall (1885) 
later reported “two or three cardinal teeth” 
although these were not illustrated. Nettle- 
roth (1889) essentially repeated Hall’s de¬ 
scription, adding nothing new. Beushausen 
(1895) reported and figured two or more car¬ 
dinal teeth in “P. ? sp.” (see fig. 23) from the 
Lower Devonian of Germany. 

Kindle (1901, p. 672) first accurately por¬ 
trayed the dental morphology of P. knap¬ 
pianum : “The hinge has about three short, 
oblique teeth just below the beaks and two 
long teeth near the posterior end of the hinge 
and having a direction parallel with it.” 
Whereas the “long teeth” (laterals) are not 
evident in Kindle’s figures, his drawing of a 
left hinge (see fig. 20) shows a pronounced, 
bifid cardinal tooth (cf. S L ) flanked poste¬ 
riorly by an undivided, oblique cardinal tooth 
(cf. P L ) and anteriorly by an arcuate cardinal 
tooth (cf. A L1 ). Except for the greater degree 
of bifurcation in cf. S L , the pattern is similar 
to that of Solsville P. knappianum. Williams 
and Breger (1916), however, interpreted Kin¬ 
dle’s figure somewhat differently; they count¬ 
ed four cardinal teeth in the left valve (with 
nos. 2 and 3 uniting above to form a A-shape) 
and five intervening sockets implying five 
cardinal teeth in the right valve. 


The present analysis of the left and right 
cardinal and lateral teeth of P. knappianum , 
which first appeared in Bailey (1975), has 
since been partly confirmed by Carter and 
Tevesz (1978a) who described a right valve 
with a bifid anterior cardinal tooth (cf. Pr) 
with an oblique cardinal tooth (cf. Sr) im¬ 
mediately behind as in figure 22. However, 
they described one additional oblique car¬ 
dinal tooth behind cf. S R , a feature neither 
clearly visible in their figures nor indicated 
in any of the hinges figured here. Two of their 
right valves confirm the structure of the right 
lateral teeth as described in Bailey (1975). 
The dental morphology of their left valve, 
however, is poorly preserved and the dental 
elements unclear. 

Other internal features described here have 
been noted by few past authors. Hall (1885) 
observed a strong anterior adductor scar. 
Beushausen’s (1895) figures of “P. ? sp.” show 
a small, but distinct adductor scar, and the 
anterior arc of the pallial line. The figures of 
Bailey (1975) show anterior and posterior ad¬ 
ductor scars of the left and right valves as 
well as the pallial line; these features are con¬ 
firmed in the figures of Carter and Tevesz 
(1978a). 

Comparisons: From the upper Emsian of 
Germany, Beushausen (1895) described a 
fragmentary internal mold (see fig. 23) which 
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he tentatively placed in Ptychodesma. The 
outline of the mold and geniculate duplivin- 
cular ligamental area (described by Beushau- 
sen but incompletely visible in his figures) as 
well as the cardinal dentition and muscular 
features noted above are consistent with P. 
knappianum. However, the umbonal region 
of the internal mold shows numerous pallial 
punctae, features seen in other genera treated 
here (i.e., Ptychopteria, Gosseletia, and Mo- 
diomorpha). Among P. knappianum from the 
Solsville these features were observed neither 
on inner shell surfaces nor on the single in¬ 
ternal mold, although, in view of the prepa¬ 
ratory techniques applied here only to this 
species and the surface condition of the in¬ 
ternal mold, the absence of such delicate 
structures is hardly surprising. Moreover, they 
are not apparent on the internal mold of P. 
knappianum shown by Carter and Tevesz 
(1978a, pi. 1, fig. Id, e). 

“ Modiomorpha ” schucherti Cleland (1911, 
pi. 24, figs. 1-3; Pohl, 1929, pi. 13, figs. 6- 
12, pi. 14, figs. 1-4, 9) from the Devonian 
Milwaukee Formation has a shell shape and 
external features suggestive of Ptychodesma 
but is too poorly preserved to permit generic 
determination. One dorsal view of a partly 
gaping specimen (Pohl’s pi. 13, fig. 9) shows 
no evidence of the characteristic ligamental 
area of Ptychodesma , but this feature is easily 
obscured by diagenetic flattening. 

Wilson’s (1975, pi. 72, figs. 9, 10) internal 
mold of “ Glossites ” subtenuis Hall from the 
Silica Formation of Ohio has shape and pal¬ 
lial features similar to those of Ptychodesma , 
but data are insufficient to be certain. 

A less modioloid species combining the 
morphologic features of Cyrtodonta Billings 
and Ptychodesma is Cyrtodonta declivis Roe- 
mer from the German Lower Devonian 
Hauptspiriferensandstein. As illustrated by 
Freeh (1891, pi. 4, fig. 2-2b), C. declivis has 
the more circular outline of Cyrtodonta but 
is very similar to Ptychodesma in other re¬ 
spects: it is anisomyarian (many cyrtodontids 
are isomyarian), integripalliate; it has a long, 
duplivincular ligamental area (this feature 
seems to lack the chevronal geniculation of 
Ptychodesma ; rather, it appears to taper an¬ 
teriorly as in Cyrtodonta , but Freeh’s figure 
is unclear); and it has a prominent hinge plate 
with long lateral teeth separated by a thin 



ANTERIOR-► 

Fig. 22. Ptychodesma knappianum Hall and 
Whitfield. Articulation of left (solid black) and right 
(stippled) cardinal teeth. 

Abbreviations: P L —left primary cardinal tooth, 
S L —left secondary cardinal tooth, A L —left ancil¬ 
lary cardinal tooth, P R —right primary cardinal 
tooth, S R —right secondary cardinal tooth. 


edentulous area from a short series of ra¬ 
diating, oblique to arcuate cardinal teeth (one 
of these is similarly bifurcate). Like Ptycho¬ 
desma , C. declivis also seems to lack the typ¬ 
ical, elevated, auricular shelf for a deeply 
impressed anterior adductor as in many cyr¬ 
todontids (e.g., Vanuxemia ). Since the car¬ 
dinal teeth of Cyrtodonta , sensu LaRocque 
(in Moore, 1969), are recumbent and poste¬ 
riorly directed, C. declivis would be excluded 
from Cyrtodonta using his diagnosis. How¬ 
ever, Cyrtodonta , sensu Pojeta (1971), shows 
more diverse hinge morphology including 
many of the hinge features seen both in C. 
declivis and P. knappianum. Cyrtodonta de¬ 
clivis is provisionally excluded from Ptych¬ 
odesma on the basis of its cyrtodontiform 
outline and (?)nongeniculate ligamental area. 
Nevertheless, it does seem to represent a 
morphologic grade intermediate between 
Ptychodesma and earlier (Ordovician-Silu- 
rian) cyrtodontids (see fig. 25). 

Matheria Billings is an Ordovician bivalve 
whose taxonomic position has been regarded 
as uncertain (Pojeta, 1971). Chavan (1966; 
and in Moore, 1969) and Vokes (1967) placed 
it in the Astartidae while LaRocque (in 
Moore, 1969) considered it a possible cyr- 
todontid. The morphologic similarities of 
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Fig. 23. Ptychodesma ? knappianum Hall and Whitfield. A-C. Partial internal mold of “ Ptychodesma 
? sp.” figured by Beushausen (1895, pi. 3, fig. 10a, A, b) from the upper Coblenz beds (Emsian), Failzer 
Hof bei Wittlich, Germany. A. Left view. B. Enlargement of pallial punctae. C. Right view. 


Matheria rugosa to Ptychodesma and Ma- 
crodesma support the latter view (see Ulrich, 
1894, 1897, pi. 36, figs. 29, 30; and Pojeta, 
1971, pi. 16, fig. 6). Except for the absence 
of lateral teeth and the duplivincular liga- 
mental area which tapers forward as in Cyr- 
todonta and Macrodesma (the chevronal ge- 
niculation of Ptychodesma is lacking), the re¬ 
maining aspects of Matheria rugosa are high¬ 
ly suggestive of Ptychodesma. Significant 
similarities are: (1) the moderately thick, an¬ 
teriorly subtruncate, modioloid shell with 
small, anteriorly placed umbones; (2) con¬ 
centric rugae and finer lines of growth; (3) a 
strong, flat hinge plate with small radiating 
cardinal teeth (Ulrich, 1894, 1897, indicated 
one in the left valve flanked on either side by 
a deep socket inferring two cardinal teeth with 
a medial socket in the right valve; Pojeta’s 
figure suggests two right cardinal teeth). The 
lack of lateral teeth suggests a condition in¬ 
termediate between the more heterodont-like 
cyrtodontids and the edentulous Macrodes¬ 
ma (fig. 25). 

Classification: Recent studies of Ptycho¬ 
desma confirm the placement of this prob¬ 
lematic genus among the Cyrtodontidae 
(Newell and LaRocque in Moore, 1969; Bai¬ 
ley, 1975; Carter and Tevesz, 1978a). Those 
morphologic features of Ptychodesma which 


seem especially cyrtodontid in character in¬ 
clude: 

(1) The strong duplivincular ligament. 

(2) A hinge plate with oblique to arcuate cardinal 
teeth separated from lateral teeth by an eden¬ 
tulous area. 

(3) One distinctly bifurcated cardinal tooth per 
valve (a condition seen in some species of Cyr- 
todonta—e.g., C. beckneri Conkin [see Pojeta, 
1971, pi. 7, fig. 7] and Vanuxemia Billings, 
1858 [see pis. 7-9 of Pojeta, 1971]). 

(4) The strongly impressed anterior adductor scar. 

(5) The anteriorly reduced, equivalve, integripal- 
liate shells (anterior reduction is not universal 
among cyrtodontids but is common among 
many species). 

There are, however, three major areas in 
which Ptychodesma seems morphologically 
atypical of other cyrtodontids: 

(1) Although the anterior adductor scars are rem¬ 
iniscent of those of other cyrtodontids, they 
are not placed in the hinge plate nor upon an 
elevated shell thickening or auricular shelf just 
below it as in some Cyrtodonta and Vanux¬ 
emia (see Pojeta, 1971). 

(2) The prominent duplivincular ligamental area 
possesses the chevronal form seen in arcids 
(e.g., Area) and pterineids [e.g., Leptodesma 
(Leiopteria) and Ptychopteria (Cornellites )]. In 
other cyrtodontids (e.g., Cyrtodonta , Vanux- 
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Fig. 24. Compiled dimensions of Ptychodesma knappianum Hall and Whitfield. 

Abbreviations: S—Solsville specimens, H—dimensions given by Hall (1885), N—dimensions given by 
Nettleroth (1889), K—dimensions given by Kindle (1901). 


emia and Macrodesma ) the ligamental area 
tapers forward, and the geniculation seems 
lacking. 

(3) As members of the Arcoida (see Newell in 
Moore, 1969), the cyrtodontids have been in¬ 
cluded in an order consisting of generally iso- 
myarian taxa. However, Ptychodesma ex¬ 
hibits a strongly anisomyarian condition 
superficially akin to the pterioids and myti- 
loids. In certain instances an isomyarian con¬ 
dition has, indeed, been verified among certain 
cyrtodontids (e.g., Cyrtodontula in Moore, 
1969, fig. Cl (6b); Cyrtodonta suecica Isberg, 
1934, pi. 20, fig. 4; Newell, 1954, fig. 1; Cox, 
1960, fig. 2); but in other cyrtodontids (e.g., 
Cyrtodonta declivis) an anisomyarian condi¬ 
tion has been identified. Moreover, among 
certain cyrtodontid species whose internal 
morphologies are poorly known, anteriorly re¬ 
duced or modioloid shell shapes directly imply 
anisomyarian adductor musculature. 

In addition to the cyrtodontids, Ptycho¬ 
desma also shows morphological features seen 
among the Arcacea Lamarck, 1809, the Am- 
bonychiacea Miller, 1877, and the Pteriacea 
Gray, 1847, providing some measure of sup¬ 
port for phyletic relationships among these 
superfamilies as inferred by Newell (1937, 
1954, and in Moore, 1969) and Cox (1959, 
1960). The possible relationships of Ptycho¬ 
desma or other cyrtodontids to the Arcacea 


have been especially discussed by Newell 
(1937), Cox (1959) and Stanley (1972) and 
need not be repeated here. Morphological 
features of Ptychodesma seen among the Am- 
bonychiacea and Pteriacea include: 

(1) Equivalve shells (Ambonychiacea only). 

(2) Reduction of the shell anterior. 

(3) Presence of both cardinal and lateral teeth sep¬ 
arated by an edentulous area of the hinge plate, 
e.g., Mytilarca chemungensis (Conrad) in Po- 
jeta (1966, pi. 38, fig. 10), Ambonychia alta 
Meek in Pojeta (1966, pi. 29, fig. 12, pi. 30, 
figs. 1, 16, pi. 31, figs. 1, 2), Opisthopteria grif- 
fini (Hussey) in Pojeta (1966, pi. 42, figs. 20, 
21), Mytilarca ( Cyrtodontopsis) kayseri Freeh 
(1891, pi. 13, fig. 2), Gosseletia schizodon Freeh 
(1891, pi. 13, fig. 6, 6a), Gosseletia triquetra 
(Conrad) in Pojeta (1966, pi. 35, figs. 15, 18) 
and figures 14 and 15 of the present paper 
among the ambonychiaceans; and Pterinea 
laevis Goldfuss in Freeh (1891, pi. 2, figs. 10- 
13), Pterinea expansa Maurer in Freeh (1891, 
pi. 9, fig. 11) and Ptychopteria fasciculata in 
Freeh (1891, pi. 9, fig. 2) and figures 8B-E and 
9C, E, F of the present paper among the pteri- 
aceans. 

(4) Some development of bifurcated cardinal teeth 
largely in the Ambonychiacea, e.g., Mytilarca 
chemungensis (Conrad) in McAlester (1962a, 
pi. 15, figs. 6, 7 (=Hall, 1884, pi. 32, fig. 9, pi. 
33, fig. 8, AMNH 6109/2:2), Mytilarca ( Cyr¬ 
todontopsis) kayseri Freeh (1891, pi. 3, figs. 1- 
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Fig. 25. Phyletic models among early-middle Paleozoic anisomyarian cyrtodontids. Two possible 
trends are shown: (1) development of an enlarged, “heterodont” dentition with bifid cardinal teeth 
( Cyrtodonta-Ptychodesma ) and (2) development of an edentulous hinge ( Cyrtodonta-Matheria-Macro- 
desma). Cyrtodonta cf. huronensis (Ordovician, Canada) shows small, radiating, unspecialized cardinals 
and weak laterals which might be anticipated in the ancestor (drawings of Matheria and C. cf. huronensis 
based, in part, on figures of Pojeta (1971). 


3), Gosseletia schizodon Freeh (1891, pi. 8, fig. 
6, 6a), and Gosseletia triquetra (see figs. 14C- 
E, G, and 15 of the present paper). Cardinal 
teeth within many of the pteriaceans (espe¬ 
cially the Pterineidae) appear to normally be 
elongate and subparallel, or sometimes ra¬ 
diating. However, bifurcated cardinal teeth are 
developed in Pterinea ventricosa Goldfuss 
(Freeh, 1891, pi. 10, fig. la) and in the Upper 
Silurian Pteronitella Billings, 1874 (in Moore, 
1969, fig. C35, 7b). 

(5) Prominent duplivincular ligamental area. Re¬ 
tention of the chevronal geniculation is ap¬ 
parent among many pteriaceans, e.g., 
Pterinea laevis (in Freeh, 1891, pi. 2, fig. 10a) 
and Ptychopteria fasciculata (fig. 7B, F, I, J, 
L, N of the present paper). However, if one 
assumes that the geniculation represents an 
ancestral condition as Newell (1937,1954) has 
suggested, it appears that the forward limb of 
the chevron has been largely lost in the am- 
bonychiaceans due to the extreme reduction 
of the shell anterior (e.g., see ligamental area 
of Gosseletia triquetra in fig. 14); although the 
vestiges of the forward limb are apparent in 
two Ordovician species, Ambonychia gigantea 


Miller and A. alata Meek (Pojeta, 1971, pi. 

10, figs. 6, 8). 

Further evidence of phyletic linkage be¬ 
tween cyrtodontids and pteriaceans is sug¬ 
gested by the problematic Eurymya Ulrich 
(placed provisionally within the Pterineidae 
by Newell and LaRocque, in Moore, 1969). 
Ulrich (1894, 1897) compared the shell sim¬ 
ilarities of two cyrtodontids, Matheria ru- 
gosa and Cyrtodonta affinis, with Eurymya 
plana (=Modiolopsis plana Hall, 1861) whose 
modioloid outline and small umbones are 
reminiscent of Ptychodesma. Like Matheria , 
E. plana lacks lateral teeth; in addition, car¬ 
dinal dentition is virtually obsolescent, there 
being a single cardinal tooth in the left valve 
and a corresponding socket in the right valve. 
Furthermore, E. plana possesses a flat, nar¬ 
row hinge plate with a long, anteriorly ta¬ 
pering duplivincular ligamental area like that 
seen in cyrtodontids and pteriaceans. A cyr- 
todontid-pteriacean connection is also sug¬ 
gested in E. plana by the anterior adductor 
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scar which shows superficial similarities to 
the distinctive anterior scar of the cyrtodon- 
tid, Vanuxemia. It is a circular, (?)elevated, 
very deeply impressed structure filling an an¬ 
terior auricle and separated from the valve 
interior by a wall or septum along its poste¬ 
rior margin. Connecting with this septum is 
a transverse bar which posteriorly divides off 
the upper third of the scar. This bar is sugges¬ 
tive of the infoldings of the posterior wall 
marginal to the anterior adductor scar as seen 
in Vanuxemia gibbosa Ulrich (see Pojeta’s 
1971, pi. 7, figs. 9, 10). In V. gibbosa there 
are two such infoldings separated by a gap 
forming a myophoric notch which Pojeta in¬ 
terpreted as a passageway for an accessory 
muscle. The single bar of E. plana suggests 
fused infoldings, i.e., a collapsed myophoric 
notch. 

Autecology: Although no evidence either 
for a byssal retractor apparatus or a byssal 
gape has been observed in P. knappianum, 
Yonge (1953), Pojeta (1971), and Stanley 
(1972) have indicated that reduction of the 
shell anterior, reduction of the forward ad¬ 
ductor, and extreme anterior displacement of 
the umbones strongly suggests byssal attach¬ 
ment. In addition, the small, flattened, an¬ 
terior face just below the umbones may have 
served as a resting platform to balance the 
shells with the stabilizing aid of a byssus 
thereby maintaining a life pose similar to that 
shown in figures 5, 6. 

Although the collected sample of P. knap¬ 
pianum is small, since more Solsville indi¬ 
viduals were encountered in the gray-black 
argillaceous facies {Nuculoidea community), 
a preference for quiet, sheltered, muddy bot¬ 
toms is suggested. This supports the conclu¬ 
sion that P. knappianum , like its cyrtodontid 
relatives Vanuxemia and Cyrtodonta, did not 
possess an exposed, epibyssate mode of life 
like Mytilus as one might infer from the 
somewhat mytiloid shell shape, but, instead, 
may have been endobyssate or partially bur¬ 
ied in the soft sediments after the fashion of 
some pinnids, Modiolus (see Stanley, 1970; 
Pojeta, 1971) and burrowing arcs (Lim, 1966; 
Pojeta, 1971). At least partial burial seems 
further supported by the fairly narrow shell 
cross section and the tapering ventral margin. 

The external shell morphology of P. knap¬ 


pianum strongly resembles Cyrtodonta su- 
bovata Ulrich (1894, 1897, pi. 39, figs. 28- 
33) from the Upper Ordovician of Kentucky 
(although the dentition of the latter species 
seems to confirm its generic independence 
from Ptychodesma). Stanley (1972, text-fig. 
15) indicated the shell form of C. subovata 
(and, hence, P. knappianum) as being best 
adapted for an endobyssate mode of life. 

SUBCLASS PALAEOTAXODONTA 
KOROBKOV, 1954 
ORDER NUCULOIDA DALL, 1889 
SUPERFAMILY NUCULACEA GRAY, 1824 
FAMILY NUCULIDAE GRAY, 1824 
GENUS NUCULOIDEA 
WILLIAMS AND BREGER, 1916 

Type Species: Nuculoidea opima (Hall), 
1843 ( =Nucula randalli Hall and Whitfield, 
1869) from the Hamilton Group of New York 
by original designation of Williams and Bre- 
ger (1916). 

Generic Usage: Nuculid bivalves seem to 
have been particularly plagued by nomencla- 
tural chaos. Past generic or subgeneric diag¬ 
noses are often contradictory or extensively 
overlap each other. In many cases the only 
apparent distinction among genera is strati¬ 
graphic occurrence. Despite several note¬ 
worthy attempts at clarification (e.g., De- 
France, 1825; d’Orbigny, 1844; Adams and 
Adams, 1858; Quenstedt, 1930; Schenck, 
1934, 1939; McAlester, 1964, 1968; Keen in 
Moore, 1969) many nomenclatural difficul¬ 
ties remain. Except for a single occurrence of 
Nuculopsis Girty in the Michigan Basin (Bai¬ 
ley, 1979b), all other North American De¬ 
vonian bona fide nuculids I have examined 
belong to a single genus, Nuculoidea. 

Nuculoidea was originally proposed as a 
subgenus of Nucula Lamarck, 1799, by Wil¬ 
liams and Breger (1916, p. 173) for nuculas 
with “a distinct cartilage pit as in Ctenodonta 
albertina Ulrich from the Upper Ordovician, 
and a nonpectenated ventral margin, which 
differentiates them from the true nuculas of 
the Cenozoic.” Unfortunately, both criteria 
in the original diagnosis of Nuculoidea have 
significant problems. The cartilage pit (i.e., 
resilifer) of “C.” albertina [=Deceptrix al¬ 
bertina (Ulrich) of Pojeta, 1971] was figured 
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by Ulrich (1894, 1897, pi. 42, fig. 80). How- 
ever, a syntype of D. albertina I personally 
examined (also figured by Pojeta, 1971, pi. 
5, fig. 14) shows no evidence of a resilifer. 
Indeed, Pojeta (personal commun.) has in¬ 
dicated that no Ordovician nuculoids are re- 
siliated. 

Quenstedt (1930) considered Nuculoidea 
to be a subdivision of his subgenus, Nucula 
(Palaeonucula ). He applied Palaeonucula to 
moderately to not at all opisthogyrate nu- 
culids with (1) smooth inner shell margins; 

(2) a not at all to slightly spoon-shaped re¬ 
silifer projecting into the valve interior; and 

(3) lacking either the resilifer tooth (“Bandg- 
rubenzahn”) or plain connecting piece (“Ver- 
bindugsstiick”) seen in Nucula. Quenstedt, 
however, later admitted that some forms of 
his Palaeonucula did, in fact, possess a re¬ 
silifer tooth (see Schenck, 1934, p. 36). 

Schenck (1934) stated that the hinge mor¬ 
phology of Nuculoidea was too poorly known 
to settle its systematic rank but tentatively 
included it in his nuculid group “B” (nuculid 
taxa with smooth inner margins). 

Maillieux (1937) promoted Nuculoidea to 
full generic status but pointed out that its 
distinction from Palaeonucula is problem¬ 
atic, suggesting that the two may be synon¬ 
ymous. He tentatively restricted Palaeonu¬ 
cula to opisthogyrous species and Nuculoidea 
to prosogyrous species while conceding in¬ 
adequacy of this distinction since Nuculoidea 
is sometimes opisthogyrous. This usage was 
followed by LaRocque (1950) who noted that 
if Palaeonucula and Nuculoidea are synon¬ 
ymous, the latter deserves priority. 

Vokes (1949) first described the hinge of 
Nuculoidea opima (Hall), the type species, 
from the Hamilton of Pratt’s Falls, New York. 
His figure 1(1) shows a taxodont hinge whose 
anterior tooth row is only slightly longer than 
the posterior row; they meet above a small, 
triangular resilifer which does not protrude 
into the valve interior as in many later nu- 
culids. Vokes stressed the generic identity of 
Nuculoidea largely on a single feature, a set 
of fine, marginal denticulations (micropec- 
tenations) shown in Vokes’s figure 1(2). On 
this basis he removed Nuculoidea from 
Schenck’s group “B” but did not relocate it 
in Schenck’s group “A” (nuculids with den¬ 
ticulate inner margins) as might be antici¬ 


pated. Since the thin, striate character of the 
micropectenations are like that seen in no 
other nuculids, he proposed a separate group 
for the reception of Nuculoidea. 

McAlester (1962a) cited the micropecte¬ 
nations of Vokes’s specimen as evidence that 
the presence or absence of marginal dentic¬ 
ulations lacks generic value. He thus only ten¬ 
tatively accepted the generic status of Nu¬ 
culoidea concluding that no clear distinction 
had been made between it and other nuculids. 
McAlester (1968) later designated a lectotype 
and paratypes of the type species, N. opima , 
none of which show any internal morphol¬ 
ogy. 

Soviet authors have applied Nuculoidea to 
Devonian nuculid taxa on the basis of strati¬ 
graphic occurrence without distinguishing it 
morphologically from other nuculids (see 
Eberzin, 1960, and Babin, 1966). 

Babin (1966) recognized two major nucu¬ 
lid genera, Nucula Lamarck with ventral den¬ 
ticulations and a shell structure consisting 
mostly of “elements individualises” and Nu- 
culoma Cossmann, 1907, with smooth or 
weakly denticulate inner margins and a shell 
consisting mostly of a homogeneous layer. 
Babin provisionally regarded Nuculopsis Gir- 
ty, 1911, as well as Nuculoidea and Palaeon¬ 
ucula as junior synonyms of Nuculoma. 
However, recent microstructure studies of 
both Nuculopsis and Nuculoidea show that 
both lack the homogeneous shell structure 
attributed to them by Babin; instead, they 
both show prismatic and nacreous layers more 
like that of Recent Nucula (see Carter and 
Tevesz, 1978b; Bailey and Sandberg, 1979, 
and ms). Moreover, the weakly dentate inner 
shell margins Babin attributed to Nuculoma 
seem based upon the assumption that Nu¬ 
culoidea and Nuculoma are congeneric. Nu¬ 
culoma, sensu stricto , however, is a Jurassic 
genus with only smooth inner margins. Babin 
(1973) later accepted Nuculoidea as a De¬ 
vonian genus with a triangular resilifer and 
micropectenate inner ventral margins. 

Keen (in Moore, 1969) recognized the ge¬ 
neric status of Nuculoidea and gave a diag¬ 
nosis emphasizing the triangularity of the re¬ 
silifer and the micropectenate inner shell 
margins; however, her geologic range (Or- 
dovician-Devonian) is evidently based upon 
Ulrich’s and Williams’s and Breger’s incor- 
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rect assumption that the Ordovician Decep- 
trix albertina was resiliated. Nuculoidea as 
understood here seems confined to the De¬ 
vonian. 

Study of the Solsville material as well as 
many hundreds of specimens of other species 
(collections of AMNH, NYSM, and USNM) 
have led to the following revised diagnosis of 
Nuculoidea : Nuculids with erect (subvertical) 
to only slightly opisthogyrous or only slightly 
prosogyrous umbones. Fasciculate growth 
lines with faint, discontinuous to continuous 
prosoponal radii and inner marginal micro- 
pectenations (both of the latter are often best 
defined posteriorly). Resilifer small, usually 
erect (nonreclining), triangular and nonpro¬ 
truding or only faintly protruding into the 
valve interior and lying beneath the inner 
ends of the taxodont anterior and posterior 
hinge tooth rows. The resilifer shows little or 
no excavation into the hinge plate. 

Nuculoidea deceptriformis, new species 
Figures 5D, 26-34 

tlcfi] Nucula corbuliformis Hall and Whitfield. 
Stumm, 1942, pi. 81, fig. 28. See also note f 
table 3 of present paper. [Not Nucula corbuli¬ 
formis Hall and Whitfield, 1869, p. 2.] 
t Nuculoidea cf. N. opima Carter and Tevesz, 
1978b, p. 865, text-fig. 12. [Not N. opima (Hall), 
1843.] 

Diagnosis: A nuculid with all the diag¬ 
nostic characters of Nuculoidea as under¬ 
stood here, i.e., fine, radial prosoponal ele¬ 
ments, inner marginal micropectenations, 
erect umbones and a nonprotruding, erect, 
triangular resilifer. Nuculoidea deceptrifor¬ 
mis differs from other species of Nuculoidea 
in its (1) more pronounced umbones which 
are straighter and more angular, (2) steeper 
anterior and posterior umbonal angles, (3) 
more inequilateral outline with umbonal 
placement at posterior extremity, (4) less an¬ 
terior elongation and reduced anterodorsal 
marginal flange, (5) generally less prominent 
and less fasciculate concentric growth lines, 
(6) generally more continuous radial proso¬ 
ponal elements, (7) less smoothly curving 
ventral margin, and (8) lack of an outer pris¬ 
matic layer (Carter and Tevesz, 1978b, p. 
865). 

Etymology: Named after the praenuculid, 
Deceptrix Fuchs, 1919, whose shell shape it 


superficially resembles as suggested by John 
Pojeta (personal commun.). 

Types: Holotype: AMNH 36202 from 
AMNH loc. 3013. Paratypes: AMNH 
36237A, B and 36241A-E from AMNH loc. 
3012; AMNH 36164A, B, AMNH 36219 and 
36165A-E from AMNH loc. 3013; and 
AMNH 36207 and 36204 from AMNH loc. 
3017. 

Description: Valves small, strongly in¬ 
flated, nuculiform, inequilaterally trigonal, 
anteriorly elongate and posteriorly abruptly 
truncate. Valves subequal, the right valve 
being sometimes very slightly favored (see 
figs. 33, 34). Umbones very prominent, gib¬ 
bous and erect (subvertical; sometimes 
slightly opisthogyrous to faintly prosogy¬ 
rous), rising well above the hinge line. Height 
only slightly less than length. Umbonal slopes 
are straight, steep and rather angular. Ventral 
margin smoothly curving anteriorly, becom¬ 
ing rather straight posteriorly. 

Escutcheon and lunule obsolescent but oc¬ 
casionally weakly defined (figs. 27C, H, J, 
28D). Lunular region variable, ranging from 
slightly concave to subplanar to slightly con¬ 
vex. 

Prosopon highly variable, there being two 
extremes, here designated variety “A” (N. 
deceptriformis, sensu stricto) and variety “B” 
(N. deceptriformis, sensu lato). Not only do 
both varieties morphologically intergrade 
continuously with var. “A” the dominant 
form, but articulated specimens often show 
a var. “A” aspect on one valve and a “B” 
appearance on the other. In var. “A” (fig. 27) 
the sculpture consists of poorly defined, fas¬ 
ciculate growth lines with a characteristic 
“fused” appearance and weak, continuous, 
radial lineations especially well defined pos¬ 
teriorly and ventrally. In var. “B” (fig. 28) 
the concentric growth lines show better def¬ 
inition; they are often lirate, punctuated by 
poorly to moderately well marked varices of 
growth producing a fascicular appearance with 
as few as two to as many as seven growth 
lines per mm. (values about four lines per 
mm. being most common) within each fas¬ 
cicle, and the spacing between growth lines 
increasing ventrally. Fine radial elements are 
best seen between growth lines and varices 
and, again, are emphasized posteriorly and 
ventrally; however, the radii seem less ob- 
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Fig. 26. Nuculoidea deceptriformis, new species (var. “A”). A, B, G. Holotype, a right valve (AMNH 
36202) from AMNH loc. 3013. A. Exterior. B. Interior with hinge. G. Enlargement of inner, postero- 
ventral margin. C, D. Paratype, a right valve (AMNH 36204) from AMNH loc. 3017. C. Interior with 
hinge. D. Exterior. E. Hinge of left valve fragment (AMNH 36203) from AMNH loc. 3017. F. Paratype, 
a left valve with hinge (AMNH 36237B) from AMNH loc. 3012. 

Abbreviations: aa—anterior adductor scar, pa—posterior adductor scar, pi—pallial line, r—resilifer, 
vp—ventral pectenations. 
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vious than in var. “A” owing to the greater 
strength of the growth lines in var. “B.” 

Dentition taxodont, consisting of an an¬ 
terior and a posterior hinge tooth row each 
diminishing in strength as they converge be¬ 
neath the umbones. Fixed to a narrow hinge 
plate, the teeth number 12 or 13 anteriorly, 
and at least six or seven posteriorly (fig. 26B, 
C) or as many as 10 (fig. 26E). They are tri¬ 
gonal or chevron-shaped blades (with simi¬ 
larly shaped corresponding sockets), very 
pronounced and erect in the anterior row or 
only slightly reclining toward the umbones. 
In the posterior row they are less pronounced, 
lower, more rounded and more steeply re¬ 
clining toward the umbones. 

The resilifer is an erect, equilaterally tri¬ 
angular hinge plate space beneath the con¬ 
vergence of the anterior and posterior hinge 
tooth rows. The flat floor of the resilifer forms 
no visible excavation into the hinge plate. 
Additionally, the structure does not protrude, 
as in most other nuculids, into the valve in¬ 
terior, the ventral limits of the structure re¬ 
maining flush with the ventral border of the 
hinge plate. 

Pallial line simple, emphasized and often 
pustulose along its upward curve toward the 
posterior adductor; it may appear either 
smoothly curving (figs. 26B, 29B) or may be 
broadly flattened to faintly sinuous along its 
anterior length. 

Along the inner valve margins is a series 
of fine, striate, microdenticulations or micro- 
pectenations (fig. 26G) especially well defined 
posteroventrally. 

The adductor scars are ovoid, subequal to 
equal in size, often curvilinearly striated (fig. 
29H) in the familiar bivalvian manner. Pairs 
of small, ovate or slightly trigonal, anterior 
protractor and posterior retractor scars are 
preserved on internal molds (figs. 29, 30) lying 
just above the anterior adductors and pos¬ 
terior adductors, respectively. In addition, at 
least three “anterior retractor” scars were seen 
along anterior umbonal slopes of internal 
molds though the number and relative po¬ 
sitions of these may vary from valve to valve 
and from specimen to specimen. “Dorso- 
median” and “ventromedian” muscle scars 
are sometimes visible (though often very 
poorly defined) on the tips of the umbones 
of internal molds; commonly these appear to 


be fused into a composite, bilobate scar (fig. 
30) in a manner shown in other nuculids else¬ 
where by Driscoll (1964). 

On internal molds a linear ridge (repre¬ 
senting a weak groove on inner valve sur¬ 
faces) extends diagonally in either valve from 
just below the juncture of the ventral margin 
of the posterior adductor scar and pallial line 
toward the umbonal region (fig. 29H). The 
ridge is subtle and can normally be seen only 
in low angle illumination; it has been con¬ 
sistently seen on several internal molds but 
may be absent in others. 

Shell microstructure as described by Carter 
and Tevesz (1978b) consists of a nacreous 
layer composed of outer stacked nacre and 
inner simple nacre. Outer simple and fibrous 
prismatic layers are either absent or confined 
to earliest juvenile shell growth stages. 

Distribution: Nuculoidea deceptriformis, 
new species is apparently confined to the 
Solsville localities treated here. 

Remarks on Morphology: Many nucu- 
loid families are superficially rather similar, 
but some, such as the Nuculanidae and Mal- 
letiidae, have posteriorly elongated shells, 
whereas others such as the Nuculidae are an¬ 
teriorly elongate. Hence, valve orientation is 
critical for proper family placement. Confir¬ 
mation that the elongated end of the valves 
in N. deceptriformis is truly the anterior is 
provided by three criteria. (1) Orientation can 
be determined by analogy to other nuculid 
species. (2) The teeth of the anterior hinge 
tooth row are longer, more erect and robust 
than those of the posterior tooth row. Brad¬ 
shaw and Bradshaw (1971) showed that 
among palaeotaxodonts larger teeth are re¬ 
quired anteriorly to maintain proper valve 
articulation during the extension of the foot 
which has the effect of increasing the dorsal 
gape in front of the umbones. (3) The position 
and arrangement of the dorsomedian, ven¬ 
tromedian, and anterior retractor scars along 
the anterior umbonal slopes of nuculid in¬ 
ternal molds have been used by Driscoll 
(1964) in valve orientation; the muscular ar¬ 
rangements of N. deceptriformis seem ho¬ 
mologous to those of Driscoll (but see Brad¬ 
shaw, 1978). 

The inner, marginal micropectenations and 
prosoponal radii are of similar strength, ori¬ 
entation, and spacing; moreover, both are 
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Fig. 28. Nuculoidea deceptriformis, new species (var. “B”). A-D. Paratype, gaping articulated spec¬ 
imen (AMNH 36241 A) from AMNH loc. 3012. A. Right valve. B. Left valve. C. Dorsal view. D. 
Posterior view. E. Paratype, right valve of articulated specimen (AMNH 3624IB) from AMNH loc. 
3012. F. Paratype, right valve of articulated specimen (AMNH 36241C) from AMNH loc. 3012 showing 
rare form approaching N. opima. 

Abbreviation: es—escutcheon. 


emphasized posteriorly and reduced ante¬ 
riorly in N. deceptriformis. This strongly sug¬ 
gests that both are merely different expres¬ 
sions of a single shell structural entity. That 
is, micropectenations are produced wherever 
prosoponal radii intersect shell margins. This 
is significant since the marginal micropecte¬ 
nations have been considered diagnostic of 
Nuculoidea (e.g., Vokes, 1949). But, since such 
delicate internal features are rarely preserved, 
the generic identity of many specimens would 
be difficult to confirm on this basis alone. The 
prosoponal radii, however, are commonly 
preserved in Nuculoidea and may be used as 


evidence of the presence of micropectena¬ 
tions in the absence of preserved internal 
morphology. 

The anterior sinuosity in the pallial line 
was observed on some internal molds of N. 
deceptriformis but not on others. A similar 
sinuosity has also been observed by the writer 
occasionally on internal molds of N. opima 
and N. lirata in the USNM collections (nor¬ 
mally the pallial lines of the last two species 
are also smoothly curving). The significance 
of the sinuosity is uncertain; perhaps it is 
associated with some accommodative aspect 


Fig. 27. Nuculoidea deceptriformis, new species (var. “A”). A-D. Paratype, an articulated specimen 
(AMNH 36237A) from AMNH loc. 3012. A. Right valve. B. Left valve. C. Dorsal view. D. Posterior 
view. E, F. Articulated specimen (AMNH 36206) from AMNH loc. 3012. E. Right valve. F. Dorsal 
view. G-I. Paratype, an articulated specimen (AMNH 36207) from AMNH loc. 3017. G. Posterior view. 
H. Dorsal view. I. Left valve. J. Paratype, dorsal view of articulated specimen (AMNH 36219) from 
AMNH loc. 3013. K. Left valve of articulated specimen (AMNH 36208) from AMNH loc. 3013 L 
Left valve of articulated specimen (AMNH 36209) from AMNH loc. 3012. M. Right valve slightly 
approaching var. “B” of an articulated specimen (AMNH 36210), miscellaneous Solsville. N. Enlarge¬ 
ment of prosopon of holotype (AMNH 36202) showing radial and concentric elements. O. Left valve 
approaching var. “B” of an articulated specimen (AMNH 36205) from AMNH loc. 3012. P. Postero- 
ventral enlargement of prosopon of AMNH 36205 showing radial and concentric elements. 

Abbreviations: es—escutcheon, lu—lunule. 




Fig. 29. Nuculoidea deceptriformis, new species from AMNH loc. 3013. A-C. Paratype (AMNH 
36164A, B), articulated specimen with internal mold (var. “B”). A. Left valve. B. Left view of internal 
mold, same valve removed. C. Dorsoanterior view of same internal mold. D, E. Paratype (AMNH 
36165B), internal mold. D. Dorsal view. E. Posterior view. F, G. Internal mold (AMNH 36211). F. Left 
view. G. Left dorsolateral view. H. Paratype (AMNH 36165D) internal mold, right view. I. Paratype 
(AMNH 36165E), internal mold, dorsal view. J. Paratype (AMNH 36165A), internal mold, dorsal view. 
K. Paratype (AMNH 36165C), internal mold, dorsal view. 

Abbreviations: aa—anterior adductor scar, ap—anterior protractor scar, ar—“anterior retractor” scar, 
dm—“dorsomedian” scar, hm—hinge tooth series mold, lr—lateral ridge, pa—posterior adductor scar, 
pi—pallial line, pr—posterior retractor scar, rm—resilifer mold, vm—“ventromedian” scar. See com¬ 
ments on accessory musculature in figure 30. 
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Fig. 30. Nuculoidea deceptriformis, new species. Variation in musculature attachment based upon 
various Solsville internal molds. Dorsal outlines of the molds shown are idealized. DM, VM, and AR 
are provisionally identified. Bradshaw (1978) considers scars like AR to be anterior visceral floor muscles. 
Occurrence of both DM and VM near summit of umbonal cavity (VM slightly forward of DM) is 
suggested by figures of Driscoll (1964). Both (esp. VM) are placed more laterally (off summit) in many 
post-Paleozoic genera. 


of pedal retraction and extension in certain 
large-footed individuals. 

Function of the dorsomedian and ventro- 
median muscles has been regarded as uncer¬ 
tain. Heath (1937) and Driscoll (1964) sug¬ 
gested that they are related to control of the 
foot. Bradshaw (1974) considered them to be 
pericardial muscles but more recently (1978) 
has linked them with attachment of the floor 
of the visceral cavity. 

Prosoponal varieties “A” and “B” are like¬ 
ly to be genetic or, perhaps to an extent, en¬ 
vironmental; they are not the result of dif¬ 
ferential preservation since both varieties are 
found among comparably well-preserved 
specimens. Var. “A” is quite distinct from 
other Devonian nuculids; var. “B,” however, 
approaches the morphology of N. opima al¬ 
though the latter remains distinctive in its 
greater anterior elongation, smaller, lower 
umbones, less truncate posterior and nor¬ 
mally more strongly developed growth var¬ 


ices. One var. “B” specimen (fig. 28F), never¬ 
theless, shows a shell form bridging the gap 
between N. opima and var. “B.” These mor¬ 
phological similarities strongly suggest that 
N. deceptriformis is a local species derived 
from the more widespread N. opima. 

Comparisons: Of the various species de¬ 
scribed in the literature, N. deceptriformis, 
new species is most nearly similar to the type 
species, N. opima. However, it can be readily 
distinguished from the latter by its taller, more 
inflated, subangular umbones; its relatively 
shorter length, abruptly truncated posterior, 
and more strongly trigonal outline; its lack 
of any appreciable anterodorsal marginal 
flange; its more nearly continuous radial or¬ 
nament and more poorly developed growth 
lines and growth varices; and its lack of outer 
simple and fibrous prismatic shell layers re¬ 
ported in N. opima by Carter and Tevesz 
(1978b). 

The results of simple bivariate statistical 
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Fig. 31. Bivariate statistical comparisons of anterior and posterior umbonal angles in Solsville 
Nuculoidea deceptriformis , new species and the type species, N. opima (Hall) from the USNM collections. 


comparisons are shown in figures 31 and 32. 
The group of randomly selected N. opima 
specimens with which N. deceptriformis was 
compared are from several lots from the 
Hamilton (Delphi) of New York in the col¬ 
lections of the National Museum of Natural 
History (USNM nos. 101711-101714 and 
226024). Good statistical separations were 
obtained through analysis of variance using 
both t and F statistics and through regression 
analysis. 

Besides N. deceptriformis , only two or pos¬ 
sibly three other morphologically well rep¬ 
resented species are known from North 
America. These are: 

1. Nuculoidea opima (Hall), 1843. (=Nucula 
randalli Hall and Whitfield, 1869). Lectotype: 
AMNH 5284/1 and 2a. Paratypes: AMNH 
5284/1 and 2b, 5284/1 and 2c as designated 
by McAlester (1968). A larger, more ovoid 
species often with anterodorsal commissural 
flange, pronounced fasciculate growth lines, 


discontinuous prosoponal radii, rounded pos¬ 
terior, enlarged, elongated anterior, and small, 
low, posteriorly placed umbones. A common 
species widely distributed in Middle Devo¬ 
nian (Hamilton) shales in eastern North 
America. Interior described by Vokes (1949) 
as earlier noted. Possibly conspecific, at least 
in part, with several German Lower Devonian 
forms figured by Beushausen (1895, pi. 4) 
which are obviously oversplit: “ Nuculd ” for- 
nicata Goldfuss, “ Nuculd ” pelmensis Beu¬ 
shausen, “ Nucula ” sandbergeri Beushausen 
and “ Nucula ” cf. lodanensis Beushausen. 

2. Nuculoidea corbuliformis (Hall and Whit¬ 
field), 1869. Hall’s (1883, 1885) figured spec¬ 
imens of this species are AMNH 5282/1: 46- 
29, 5281/1: 46-32, 5281/1: 46-35, 36; and 
NYSM 2843-2850. Shells equilaterally sub- 
trigonal with prominent, almost middorsally 
placed umbones and fasciculate growth lines. 
The most common and most widely distrib¬ 
uted species. Middle-Upper Devonian of east¬ 
ern and midwestem North America. Interior 
undescribed in the literature; a fine specimen 
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Fig. 32. Bivariate statistical comparisons of valve lengths and heights in Solsville Nuculoidea de- 
ceptriformis, new species and the type species, N. opima (Hall), from the USNM collections. 


from the Skaneateles of New York shows the 
characteristic hinge and resilifer. Probably 
conspecific with the Middle and Lower De¬ 
vonian German species: “ NuculcC ’ aquisgra- 
nensis Beushausen (Givetian), “ Nucula ” tri- 
gona Spriestersbach (Emsian), and “ Nucula ” 
macrorhyncha Spriestersbach (Emsian). 

3. Nuculoidea lirata (Conrad), 1842. Hall’s (1883, 
1885) figured specimens of this species are 
AMNH 5282/2: 45-11, AMNH 5281/1: 45-5, 
and NYSM 2856—2861. Tentatively recog¬ 
nized. Identical to N. opima except for coarse¬ 
ly lirate, normally nonfasciculate growth lines. 
However, many specimens are intermediate 
between N. opima and N. lirata suggesting a 
morphocline. Perhaps N. lirata is merely a 
prosoponal variety of N. opima; if so, the for¬ 
mer deserves priority. Common in Middle 
Devonian Hamilton shales. 


Other Devonian species either mistakenly 
assigned to Nucula or Nuculoidea or too 
poorly preserved for recognition include: 

1. “ Nucula ” varicosa Hall and Whitfield, 1869, 
“ Nucula ” bellistriata (Conrad), 1841; ‘Wm- 
cula” subelliptica Hall, 1883; “ Nucula ” um¬ 
bo nat a Hall, 1883; and “ Nucula ” globularis 
Hall, 1885. Hinges and internal molds show 
these species to be carydiids, not nuculids 
(Bailey, 1979a, and ms). 

2. “Nucula” diffidens Hall, 1885. Upper Devo¬ 
nian (Chemung), New York. Based on com¬ 
posite molds lacking hinge data. Two syntypes 
(AMNH 42068, 42069) were originally fig¬ 
ured as part of Nucula randalli (=Nuculoidea 
opima) by Hall (1883, pi. 45, figs. 12,14). One 
(AMNH 42069) suggests N. opima, but both 
are similar to elongated examples of N. cor - 
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buliformis seen occasionally (e.g., McAlester, 
1962a, pi. 3, figs. 16, 17). 

3. “ Nucula” hanoverensis Kindle, 1901 from the 
Jeffersonville Limestone of Indiana. The large 
holotype (USNM 62190) is an internal mold 
showing taxodont hinge and inner features; 
no other specimens known. This species is a 
ctenodontid not a nuculid; here assigned to 
Praectenodonta Philip, 1962. 

4. “ Nucula” lamellata Hall, 1883. One Che¬ 
mung specimen of Nuculoidea corbuliformis 
was evidently mislabeled by Hall (1885, pi. 
45, fig. 13) as Nucula lamellata. All of Hall’s 
other figures (1885, pi. 51, figs. 18-21, pi. 93, 
fig. 7) show a small, lirate, nonnuculid Ham¬ 
ilton species with unknown hinge; a probable 
ctenodontid assignable to Praectenodonta. 
Syntypes: AMNH 5183/1:51 -20, 6119/1:45- 
13; NYSM 2852-2855. 

5. “ Nucula” niotica Hall and Whitfield, 1872, 
and “ Nucula” neda Hall and Whitfield, 1872 
from the Sellersburg near Louisville, Ken¬ 
tucky. Poorly preserved, known mostly from 
internal and composite molds; hinge and ac¬ 
cessory musculature show nuculid affinities. 
Figured by Hall (1883, 1885). One specimen 
of “A.” neda (in Hall, 1885, pi. 45, fig. 2) is 
posteriorly truncate like N. deceptriformis but 
the prosopon seems more lirate. All other fig¬ 
ures of Hall suggest the form of N. corbuli¬ 
formis. Plesiotypes of “A.” niotica (USNM 
51301) and “A.” neda (USNM 51374) sup¬ 
port the conclusion that both are junior syn¬ 
onyms of A. corbuliformis. 

6. “ Nucula” herzeri Nettleroth, 1889 from the 
Sellersburg near the Falls of the Ohio River. 
Nettleroth’s poorly preserved syntypes 
(USNM 51300) strongly suggest the form and 
prosopon of A corbuliformis. 

7. “ Nucula” rescuensis Walcott, 1884 from the 
Middle Devonian Nevada Limestone of Ne¬ 
vada. Known from a single specimen. Prob¬ 
ably not a nuculid; no hinge data preserved. 
Eoschizodusl 

8. “ Nucula” snyderensis Branson, 1924 from the 
Upper Devonian (Fingerlakesian-Chemungi- 
an) Snyder Creek Shale, Missouri. Known 
from internal molds which are posteriorly 
elongate and sinupalliate; McAlester (1963) 
correctly identified these as Palaeoneilo con- 
stricta (Conrad). 

9. I have examined the holotypes of several early 
Devonian (Helderbergian) species from the 
Chapman Sandstone of Maine described by 
Williams and Breger (1916) including “Nu- 
culoidea ” bellatula Williams and Breger 
(USNM 59783), “ Nuculoidea” aquisgranen- 
sis (Beushausen) (USNM 59785), “Nuculoi¬ 
dea” trigonale Williams and Breger (USNM 


59786) and “Nuculoidea” cordata Williams 
and Breger (USNM 59784). In each case pres¬ 
ervation is too poor for generic or even su- 
perfamilial determination. 

10. “Nucula” manitobensis Whiteaves, 1892 from 
the Middle Devonian (Cazenovian) of Lake 
Winnepegosis, Manitoba, Canada. Hinge and 
interior unknown. Shape as in “N.” varicosa- 
bellistriata above. Varices weak; shape more 
trapezoidal. Probably not a nuculid. A cary- 
diid? 

Autecology: Broad tolerances of sub¬ 
strate, temperature, pressure and salinity are 
indicated among Recent nuculids which are 
all nonsiphonate, infaunal deposit feeders. 
Among the most significant factors influenc¬ 
ing their present distribution are temperature 
and substrate, a preference for temperate to 
cold subtidal muddy bottoms being reported. 
Bruun (1957) found Nucula in abyssal muds 
of Pacific Ocean trenches at hostile temper¬ 
atures and pressures. Sanders (1958), how¬ 
ever, noted that Nucula is common in the 
cool, shallow (11 m.), brackish muds of Buz¬ 
zards Bay. Morris (1973) reported the distri¬ 
bution of Nucula to extend as far south as 
Florida, and Mexico although cooler, deeper 
waters seem preferred in the lower latitudes. 
Temperature and depth preferences of mod¬ 
em Nucula thus contrast sharply with those 
of Nuculoidea which was evidently confined 
mostly to warm, shallow marine environ¬ 
ments (see Paleoecology section of present 
paper). 

Despite apparent preferences for soft muds, 
nuculid occurrences in coarser substrates are 
common. Nuculoidea deceptriformis , for ex¬ 
ample, is common in both the argillaceous 
and sandy/silty facies of the Solsville al¬ 
though abundances in the latter are dimin¬ 
ished. “ Nucula ” (=Nuculoidea) has been re¬ 
ported in greywacke sandstones (Beushausen, 
1895) as well as limestones (Nettleroth, 1889; 
Kindle, 1901; Yang, 1939; LaRocque, 1950). 
Yonge (1939) reported the occurrence at 
Plymouth, England, of large species of Nu¬ 
cula in shell gravels, smaller species in muddy 
sand mixed with gravel, and the smallest 
species in muddy sand or silt. 

Stanley (1970) using X-ray techniques de¬ 
termined that in aquaria living Nucula fre¬ 
quently does not assume the posture tradi¬ 
tionally attributed to it, i.e., umbones up, 
commissure vertical and hinge line horizon- 
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Valve Classes 


Fig. 33. Nuculoidea deceptriformis, new species. Valve width asymmetry. 


tal (see fig. 2 of Yonge, 1939). Instead, Stanley 
discovered that Nucula often reclines on one 
valve or the other. Bradshaw (1974) de¬ 
scribed “ Nuculoidea” vespa and “Nuculo¬ 
idea” umbra 3 from the Devonian of New 
Zealand as being slightly inequival ved (though 

3 Generic names are placed in quotation marks be¬ 
cause I believe there to be some doubt about the suita¬ 
bility of applying Nuculoidea to these species since both 
lack radial markings and micropectenate inner margins. 


one particular valve was not apparently fa¬ 
vored over the other) and attributed this in¬ 
equality to a typically reclining life position 
(see Bradshaw’s fig. 16). Very slight valve 
asymmetry is also noted here in N. deceptri¬ 
formis, new species. It would, however, ap¬ 
pear unlikely that this condition is the result 
of a reclining mode of life because virtually 
all the articulated specimens of N. deceptri¬ 
formis I personally collected were apparently 
in life position, and the valve orientation was 
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Valve Classes 

Fig. 34. Nuculoidea deceptriformis, new species. Valve height asymmetry. 


similar to the “typical” nuculid position of 
Yonge (1939) described above. Furthermore, 
a number of these as well as specimens of N. 
opima in the USNM and NYSM collections 
exhibit evidence of dorsoventral crushing due 
to diagenetic compaction suggesting a verti¬ 
cal commissure, umbones upward as a com¬ 
mon in situ attitude of the shells. As indicated 
in figures 33-35, the right valve appears to 
be favored in both N. deceptriformis and N. 
opima. Conceivably this asymmetry reflects 
the arrangement of internal organs. One pos¬ 
sible explanation for this condition is the dis¬ 
placement of the intestine into the right valve, 
a condition common among all members of 
the Nuculidae (Yonge, 1939). Pelseneer 
(1891) believed the coiling to the right side 
of the gut was primitive, an indication of the 
fundamental asymmetry he ascribed to prim¬ 


itive molluscs although Stempell (1898) be¬ 
lieved it to be secondary. Drew (1901) showed 
that the gut bends to the right during embry¬ 
onic development. Such development, if pro¬ 
nounced enough, might be sufficient to in¬ 
duce the right valve to be secreted with a 
slightly greater convexity than the left. 

SUPERFAMILY NUCULANACEA 
ADAMS AND ADAMS, 1858 
FAMILY MALLETIIDAE 
ADAMS AND ADAMS, 1858 
GENUS NUCULITES CONRAD, 1841 

Type Species: Nuculites oblongata Conrad, 
1841 (=N. oblongatus of later authors) by 
subsequent designation of Hall (1885; Hall 
in the same work designated N. cuneiformis 
Conrad as an alternate type species) and Mil- 
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Valve Classes of Nuculoidea opima 

Fig. 35. Nuculoidea opima (Hall). Valve asymmetry. From the USNM collections. 


ler (1889) from the “Sherburne Group” near 
Smyrna, Chenango County, New York. Coo¬ 
per (1934), Cooper et al. (1942), and Oliver 
et al. (1969) show the Sherburne Mbr., Ge¬ 
nesee Formation, to be Upper Devonian 
(Fingerlakesian) in age; McAlester (1968) 
maintained that the “Sherburne Group” was 
equivalent to the Middle Devonian Hamil¬ 
ton of modem nomenclature. 

Generic Usage: Nuculites Conrad, 1841 
(=Cleidophorus Hall, 1847, Cucullella M’Coy, 
1851, and Pyrenomoeus Hall, 1852), follow¬ 
ing McAlester’s (in Moore, 1969) usage, is 
applied here to nuculoids like Palaeoneilo 
Hall and Whitfield but with a pronounced, 
internal, anterior clavicle or septum. Accord¬ 
ing to Pohl’s (1929) diagnosis, Nuculites, un¬ 
like Palaeoneilo, has both a septum and a 
resilifer. However, neither the Solsville ma¬ 
terial, the literature (e.g., McAlester, 1968) 
nor even Pohl’s own figures support the ex¬ 
istence of a resilifer in Nuculites. Some Pa¬ 


laeoneilo in the literature show a short, broad, 
incipient clavicle like that of Nuculites, but 
it is never so narrowly elongate. 

Ditichia is a Lower Devonian Rheinish ge¬ 
nus proposed by Sandberger (18 91) for small, 
Nuculites-like shells bearing two internal sep¬ 
ta. Unfortunately, Sandberger’s sole species 
(i.e., the type species by monotypy), Ditichia 
mira ( =Leda ? mira Beushausen, 1884), is in¬ 
valid as it is a Ctenodonta-like shell showing 
none of the diagnostic features attributed to 
Ditichia (e.g., see the photos of the holotype 
in McAlester, 1968, pi. 2, figs. 1-3 and 
McAlester, fig. A 1,6 in Moore, 1969; see also 
remarks of Williams and Breger, 1916, p. 168, 
and Solle, 1936, p. 193). Described material 
closest to Sandberger’s diagnosis are the small, 
ovate, taxodont shells with twin septa figured 
as Cucullella elliptica Maurer {=Nuculites el- 
lipticus of later authors) by Beushausen (1895, 
pi. 5, figs. 12-14) who considered Ditichia to 
be the young of Cucullella and, hence, ge- 
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nerically synonymous. I reject Beushausen’s 
conclusion on the following basis: (1) The 
holotype of N. ellipticus (Maurer) in Maurer 
(1902, pi. 51, fig. 18) is very small (a probable 
juvenile) but shows the same shell form and 
single septum as the adults. (2) Beushausen’s 
supposed juveniles are almost identical (ex¬ 
cept for his pi. 5, fig. 15) with two specimens 
with twin septa called Ditichia cf. elliptica by 
Clarke (1909, pi. 16, figs. 7,8) from the Moose 
River Sandstone (Lower Devonian) of Maine. 
While preserving the form of Beushausen’s 
“juveniles,” Clarke’s specimens are much 
larger, attaining the length of average adults 
of described specimens of N. ellipticus and 
N. oblongatus and, hence, are not juveniles. 

On these grounds Ditichia would seem to 
be a separate genus after all but lacks a type 
species. Therefore, a neotype is here nomi¬ 
nated: plate 5, figure 12 of Beushausen (1895), 
originally designated C. elliptica Maurer. 
Since Solle (1936) suggested the name Nu- 
culites persulcatus for the same specimen, the 
emended new type species is here designated 
Ditichia persulcata (Solle). 

Nuculites oblongatus Conrad, 1841 
Figures 5E, 6H, 36-37, 

39 (nos. 16, 17, 19, 20), 43B 

Nuculites oblongata Conrad, 1841, p. 50, fig. 8. 
Hall and Whitfield, 1869, p. 4. Hall, 1883, pi. 
47, figs. 1-12. Williams, 1917, p. 30. Willard, 
1939, p. 476, pi. 26, figs. 15, 16. 

Nuculites oblongatus Conrad. Miller, 1877,p. 198; 
1889, p. 496. Hall, 1885, p. 324, pi. 47, figs. 1- 
12. Lesley, 1889, p. 475, fig. 3. Grabau, 1899, 
p. 254, fig. 170; 1906, p. 330. Whitfield and 
Hovey, 1900, p. 292. Clarke and Ruedemann, 
1903, p. 465. Grabau and Shimer, 1909, p. 398, 
fig. 509a-c. Prosser and Kindle, 1913, pp. 107, 
231, pi. 25, figs. 17-19 [not fig. 20]. Stauffer, 
1916, p. 477. Williams, 1917, p. 30. Stumm, 
1942, p. 557. Shimer and Shrock, 1944, p. 377, 
pi. 146, figs. 13, 14. Ellison, 1965, p. 121, pi. 
14, figs. 16-20, [?] pi. 14, fig. 28, labeled Palaeo- 
neilo constricta. Babin, 1966, p. 103; 1973, p. 
42. Palmer and Brann, 1966, pi. 15, figs. 14- 
16. McAlester, 1968, p. 37, pi. 28, figs. 1-17; 
1969, p. N233, fig. A5,7 (in Moore). Bailey, 
1975, p. 167, pi. 12, figs. 1-15, text-figs. 25-27; 
1978a, p. 121. Wilson, 1975, p. 126. Carter and 
Tevesz, 1978b, p. 865. 

Cucullella oblongata (Conrad). Beushausen, 1895, 
p. 105. 


[?] Nuculites cf. N. oblongatus (Conrad). Cooper 
and Cloud, 1938, pp. 445, 452, pi. 55, fig. 3. 
[?] Nuculites cf. oblongatus Conrad. Clarke, 1909, 
pi. Ill, pi. 28, fig. 11. 

Nuculal oblonga Hall, 1843, p. 197, fig. 78, no. 3; 
1885, p. 234. [==Nuculites oblonga Hall. Whit- 
eaves, 1892, p. 302. Stumm, 1951, p. 32. —Nu¬ 
culites oblongus Hall. Miller, 1877, p. 198. Kin¬ 
dle, 1912, p. 89. Williams and Breger, 1916, p. 
174. =Cleidophorus oblongus Hall. Miller, 1877, 
p. 187. Lesley, 1889, p. 133.] 
t Nuculites milwaukeensis Cleland, 1911, p. 100, 
pi. 20, fig. 5. [In part =Palaeoneilo milwau¬ 
keensis (Cleland). Pohl, 1929, p. 32, pi. 3, fig. 
17 (not figs. 16, 18-25).] [Not Palaeoneilo cf. 
plana. Cleland, 1911, p. 104, pi. 20, figs. 15, 16 
(=synonym of Pohl, 1929, p. 32).] 
t[??] Nuculites modulatus Kindle, 1912, p. 89, pi. 
7, figs. 13, 14. 

t[?] Cleidophorus perovalis Williams and Breger, 
1916, p. 161, pi. 25, figs. 2, 10. 
f[?] Palaeoneilo plana Hall [and Whitfield]. Clarke 
and Swartz, 1913 [in part], p. 621, pi. 61, figs. 

1, 3 [not fig. 2]. [Not P. plana Hall and Whit¬ 
field, 1869, p. 7. Hall, 1883, pi. 48, figs. 21-28; 
1885, p. 334, pi. 48, figs. 21-28.] 

Cucullella elliptica Maurer, 1886, p. 15; 1902, p. 
51, pi. 15, fig. 18. Beushausen, 1895 [in part], 
p. 104, pi. 5, figs. 9-11, 15[?], [not] figs. 12-14. 
[In part of various other authors. See other ref. 
in Maillieux, 1937, pp. 189-190.] 

Cucullella ( Cleidophorus ) elliptica (Maurer) [s/c]. 
Williams and Breger, 1916, p. 395 [in part]. 
[This is C. elliptica sensu Beushausen.] 
Nuculites ellipticus (Maurer). Kegel, 1913, p. 73. 
[In part of various authors. See other ref. in Mail¬ 
lieux, 1937, p. 190. Babin, 1966, p. 97, pi. 3, 
fig. 8[?]; 1973, p. 43, pi. 1, fig. 5 and esp. 7, pi. 

2, figs. 6-9 [esp. fig. 8]. See other ref. in Babin, 
1973, p. 44.] 

Nuculites {Ditichia) ellipticus Maurer [sic]. Vietor, 
1919, p. 395 [in part]. [This is C. elliptica sensu 
Beushausen.] 

[?] Nuculites cf. oblongatus Conrad and ellipticus 
Maurer [sic]. Clarke, 1907, p. 364; 1909, p. Ill, 
pi. 28, fig. 11. 

f[?] Nuculites ellipticus longus Mauz, 1933, p. 285, 
fig. 9; 1935, p. 57. [=Nuculites longus (Mauz). 
Solle, 1936, pp. 195, 197, fig. 4.] Dahmer, 1942, 
p. 284, figs. 16-18. 

Nuculites ellipticus ellipticus Solle, 1936, pp. 195, 
196, fig. 1. [=N. beushauseni beushauseni Mauz.] 
[Not N. ellipticus ellipticus Mauz, 1935. =Beu- 
shausen, 1895 [in part], pi. 5, fig. 12. =N. per¬ 
sulcatus Solle, 1936, pp. 195, 197, fig. 5. = Di¬ 
tichia cf. elliptica (Maurer) Clarke, 1909, p. 78, 
pi. 16, figs. 7, 8.] 
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Cucullella beushauseni Fuchs, 1912, p. 67. 
Nuculites beushauseni (Fuchs). Wolf, 1930, p. 43. 
Mauz, 1933, p. 284. [=C. elliptica Maurer of 
Beushausen, 1895 (in part), pi. 5, fig. 9. =N. 
beushauseni beushauseni Mauz.] 
t[?] Nuculites beushauseni expansus Mauz, 1933, 
p. 285, fig. 10; 1935, p. 57. Solle, 1936, p. 195, 
fig. 2. 

[??] Nuculites beushauseni brevis Mauz, 1933, p. 
285, fig. 1 la, b; 1935, p. 57. [=N ellipticus brev¬ 
is (Mauz). Solle, 1936, p. 195, fig. 3.] [Synonym 
of N. ellipticus (Maurer) according to Babin, 
1966, pp. 97-98.] 

Nuculites beushauseni beushauseni Mauz, 1935, p. 
57. [=N beushauseni Fuchs, 1912. =N. ellip¬ 
ticus ellipticus Solle not Mauz.] Maillieux, 1937, 
p. 188, pi. 10, fig. 14[?] [labeled N. beushauseni 
beushauseni (Kegel) [sic].] 
t[?] Cucullella Vaissierei Leriche, 1912a, p. 39, pi. 
6, figs. 5, 6; 1912b, p. 32, text-fig. 2, pi. 2, figs. 
1-3. [= Nuculites vaissierei (Leriche). Maillieux, 
1937, p. 187, fig. 8. See also Maillieux’s later 
ref.] 

t[?] Nuculites affinis (Beushausen). Babin, 1966, 
pi. 3, fig. 1. [Not N. affinis (Beushausen), 1889, 
p. 217, pi. 4, fig. 8; 1895, p. 108, pi. 5, figs. 21, 
22 .] 

[not] Ditichia mira Sandberger, 1891, p. 104 
[ =Leda ? mira Beushausen, 1884, p. 90, pi. 3, 
fig. 15. Synonym of C. elliptica in Beushausen, 
1895, p. 104, and Maurer, 1902, p. 51. But see 
Williams and Breger, 1916, p. 168 and Mc- 
Alester, 1968, pi. 2, figs. 1-3.] 

Description: Shells thin, medium-sized, 
equivalve, posteriorly elongate, laterally 
compressed. Shell shape variable; moderate¬ 
ly to eccentrically elliptical, the major axis 
oriented anteroposteriorly. Posterior margin 
gently curving to subrectangular, sometimes 
with a faint sinuosity (also evident on internal 
molds). 

Umbones weak, anteriorly placed, faintly 
elevated above the dorsal shell margins. 

Prosopon variable, consisting of fine, con¬ 
centric growth lines (often poorly defined) 
with variably developed, concentric lirae or 
weak to moderate undulaform rugae. The 
prosopon is often so faint and amorphous, 
even among specimens with well-preserved 
shell remnants (fig. 36H, K, M), that shells 
appear smooth and almost featureless. Other 
specimens, however, may possess a some¬ 
what more irregularly lirate and rugose or¬ 
namentation (fig. 36P, O). 


Internal molds and two shell interiors in¬ 
dicate a strong, narrow, gently arcuate, in¬ 
ternal clavicle or septum extending vertically 
downward or obliquely forward just in front 
of the umbones. It is sharply defined dorsally, 
becoming progressively less defined ventrally 
where it faintly curves posteriorly. 

Two hinges (fig. 36A, G) show a narrow 
hinge plate which anteriorly becomes briefly 
expanded downward to meet the septum. 
Dentition is taxodont consisting of two tooth 
rows which almost imperceptibly merge be¬ 
neath the umbones to form a continuous se¬ 
ries. The posterior row consists of narrowly 
cylindrical, vertically parallel teeth which be¬ 
come shorter and thicker posteriorly and tall¬ 
er and thinner anteriorly. Several anterior- 
most teeth of the posterior row become 
obliquely truncated by the hindmost tooth of 
the anterior tooth row which consists of long, 
thin, slightly radiating vertical teeth. Here 
teeth are longest and most divergent in the 
downward expansion of the hinge plate just 
above the septum. In both tooth rows teeth 
are more robust near each extremity and be¬ 
come exceedingly fine beneath the umbones. 
Resilifer absent. 

The adductor scars are subequal and sit¬ 
uated just beneath each extremity of the hinge 
plate. The posterior scar is narrower and more 
elongated than the anterior scar. The anterior 
scar is situated in a deep notch just in front 
of the internal septum. The posterior scar is 
vaguely defined except along its dorsal and 
dorsolateral circumference where it is deeply 
impressed. 

A pair of posterior retractor scars is indi¬ 
cated on internal molds by a small elongate 
pustule just above and forward of each pos¬ 
terior adductor followed by a larger linear 
ridge farther forward (fig. 36D). These fea¬ 
tures are also visible inside a left shell (fig. 
3 6A) where they are represented by a small, 
elliptical pit followed by a linear furrow, both 
positioned on the underside of the hinge plate. 

An oblique row of at least four umbonal 
muscles (fig. 36A, E), probably anterior pedal 
retractors and pedal protractors, are situated 
near the apex of the umbonal interior just 
behind the septum. An interpretation of the 
restored pedal musculature is offered in figure 
43B. 
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Ligament external, opisthodetic, parivin- 
cular. Probable ligamental insertional areas 
consist of (1) a plumose, beveled area near 
the posterior extremity of the hinge line (fig. 
361, J, L); and (2) small, inconspicuous fur¬ 
rows just outside of and parallel to the hinge 
plate (fig. 361, J). 

Pallial line variably impressed, more 
strongly so anteriorly; more deeply recessed 
posteriorly. The posterior upward curve of 
the pallial line is flattened or faintly sinuous. 

Original microstructure described by Car¬ 
ter and Tevesz (1978b). 

Remarks on Morphology: Though abun¬ 
dant in the sandy/silty Solsville facies where 
it occurs mostly as internal molds, this species 
is more commonly found among the argillites 
as near complete individuals with thin rem¬ 
nants of shell preserved. Here width of the 
valves is often undervalued due to diagenetic 
compaction; in other specimens, presumably 
those with an erect infaunal life position, 
height has become diagenetically compressed 
and width correspondingly exaggerated. 

Aside from a few additional features noted 
by Hall (1885) and McAlester (1968), de¬ 
scriptions of shell morphology among past 
studies are generally limited to shape, pro- 
sopon, and septum. Previous ligamental data 
on Nuculites seem especially lacking in the 
literature. 

The dentition of Nuculites was previously 
regarded as a single, continuous taxodont se¬ 
ries. Two specimens here, however, reveal 
two separate tooth series, a posterior row of 
vertically parallel teeth truncated by an an¬ 


terior row of slightly radiating teeth. A sim¬ 
ilar dental arrangement is figured in plate 3, 
figure 9a of Babin (1966) in Nuculites sub- 
rectangularis, a somewhat similar species 
from the European Upper Devonian. 

In several articulated specimens (e.g., fig. 
361, J, L) the hinge line portion of the valves 
normally covered by the ligament is slightly 
gaping behind the umbones; i.e., hinge teeth 
and sockets are not in mutual contact except 
toward the hinge extremities. Since the re¬ 
mainder of the valve margins are closely ap- 
pressed, the gape is undoubtedly natural. 
Maintenance of valve articulation in typical 
individuals of this species would have thus 
relied largely upon the ligament, many of the 
hinge teeth having become functionally ves¬ 
tigial except near hinge line extremities. 

An internal mold (fig. 36E) shows a row of 
three pustuliform scars aligned vertically just 
in front of the septal position and in seeming 
continuity with the pallial line and/or the edge 
of the anterior adductor. These appear to be 
points of insertion of muscle fiber bundles of 
either the adductor or pallial line and do not, 
I believe, represent points of attachment of 
any other accessory muscles. 

Recrystallized shell remnants show the 
valves to have been especially thin near the 
posterior extremity where shell material is 
often broken away. However, growth lines of 
better specimens sometimes indicate either a 
flattening or a faint re-entrant along the up¬ 
ward curve of the posterior shell margin. A 
similar flattening or sinuosity is especially 
pronounced on or near the pallial line of in- 


* Fig. 36. Nuculites oblongatus Conrad. A. Left valve interior (AMNH 36212) from AMNH loc. 3017. 
B-D. Internal mold (AMNH 36214B) from AMNH loc. 3017. B. Left view. C. Right view. D. Dorsal 
view. E. Partial right internal mold (AMNH 36213) from AMNH loc. 3017. F. Internal mold and shell, 
dorsal view (AMNH 36214C) from AMNH loc. 3017. G. Hinge of left valve (AMNH 36215) from 
AMNH loc. 3013. H, I. Articulated specimen (AMNH 36217A) from AMNH loc. 3017. H. Right valve. 
L Dorsal view. J, K. Articulated specimen (AMNH 36217B) from AMNH loc. 3017. J. Dorsal view. 
K. Left valve. L. Dorsal view of articulated specimen (AMNH 36220) from AMNH loc. 3012. M. Left 
valve of articulated specimen (AMNH 36217C) from AMNH loc. 3017. N. Right internal mold (AMNH 
36239) from AMNH loc. 3013. O, P. Articulated specimen (AMNH 36214A) from AMNH loc. 3017. 
O. Right valve. P. Left valve. 

Abbreviations: aa—anterior adductor scar, apr—anterior pedal retractor scar, c—clavicle (septum), 
lg—ligamental area, pa—posterior adductor scar, pi—pallial line, pp—pedal protractor scar, ppr—pos¬ 
terior pedal retractor scars. 
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TABLE 7 

Measurements (in Millimeters) of Nuculites 
oblongatus Conrad 


Locality 

Length 

Height 

Width* 

AMNH 3017 

25.6 

13.0 

8.0 


23.0 

11.9 

7.3 


24.0 

11.7 

7.8 


27.1 

12.4 

8.5 


24.5" 

11.2 

8.5 


21.7" 

11.4 

7.7 


26.4" 

15.3 

6.3 


27.3 

11.8 

9.8 


22.9* 

9.3* 

6.6* 

Miscellaneous Solsville 

24.9" 

13.2 

9.3 


27.9 

14.4 

4.6 d 


26.4 

15.1 

8.3 


24.2" 

13.5 

7.9 


26.1" 

11.3 

10.7 


25.0" 

14.6 

5.8* 


26.8" 

13.6 

7.9 


27.7 

13.5 

7.2 


* Total width, both valves articulated. 

* Internal mold. 

c Specimen broken at thin, posterior extremity. 

* Laterally crushed. 


temal molds (e.g., fig. 36B, C, N; see also pi. 
28, figs. 3, 4 of McAlester, 1968) suggesting 
an exhalant opening (probably the longer, 
dorsal lobe) and an inhalant opening below. 
The same seems true for Palaeoneilo as well. 
This evidence, coupled with the fact that the 
pallial line is more deeply recessed from the 
posterior shell margin (see fig. 36N and 
McAlester, 1968, pi. 28, figs. 3, 4) suggest the 
presence of extensible siphons. 

Comparisons: The Solsville specimens 
agree with those described and figured as N. 
oblongatus by past authors including Conrad 
(1841), Hall (1885), and Prosser and Kindle 
(1913). 

This species was restudied by McAlester 
(1968) who could locate neither Conrad’s 
original types nor further topotypic mate¬ 
rials, basing his evaluation on a series of spec¬ 
imens, which I have also personally exam¬ 
ined, from a gray-brown siltstone of the 
Skaneateles Formation (Butternut Mbr.?) 
collected by C. S. Prosser west of Brookfield, 
Madison County, New York (USNM no. 
101678). Despite their higher stratigraphic 
occurrence, they seem indistinguishable al¬ 


lowing for infraspecific and diageneiic vari¬ 
ation (fig. 37). 

In addition to these, the Solsville speci¬ 
mens seem identical with several other lots 
of specimens in the National Museum of Nat¬ 
ural History. These include: 

USNM no. 14086: Nuculites oblongatus Conrad. 

Devonian (Hamilton), Moravia, New York. 
USNM no. 101685; Nuculites oblongatus Conrad, 
Hamilton, Earlville, New York. Two speci¬ 
mens. 

USNM no. 101692, Acc. 116983: Nuculites ob¬ 
longatus Conrad. Hamilton, Cardiff, Pecksport, 
Morrisville Qd., New York. Eight specimens, 
mostly internal molds in siltstone. 

USNM no. 16112: Nuculites oblongatus Conrad. 
Hamilton, Brookfield, New York. One speci¬ 
men. 

USNM no. 101716: Nuculites oblongatus Conrad. 
Hamilton, Fultonham, Schoharie County, New 
York. Two specimens. 

USNM no. 101684: Nuculites oblongus Conrad. 
Hamilton (Delphi), Onondaga County, New 
York. Three specimens. 

USNM no. 100939: Nuculites oblongatus Conrad. 
Hamilton, Fultonham, Schoharie County, New 
York. One specimen. 

USNM no. 101680: Nuculites oblongatus Conrad. 
Moscow, Lower Windom, Moore’s Gully, IV 2 
mile N.E. of Georgetown, New York. One spec¬ 
imen. 

USNM no. 101682 503A 6 : Nuculites oblongatus 
Conrad. Hamilton, Pittsfield, Oswego County, 
New York. Two specimens. 

USNM no. 14086: Nuculites oblongata Conrad. 
Hamilton, Moravia, New York. Four speci¬ 
mens. 

The literature abounds with different spe¬ 
cific names applied to figured North Amer¬ 
ican and European specimens which do not 
seem significantly different from N. oblon¬ 
gatus ]; many of these are surely junior syn¬ 
onyms. Past authors have also noticed these 
similarities. Solle (1936) pointed out that 
some intergrade. Babin (1973), emphasizing 
the need for exhaustive restudy, has suggest¬ 
ed that many of these “species” are little more 
than diagenetic variants. Williams (1917), 
who would have called them “metamorphic 
species,” similarly noticed that much of the 
variation among his Silurian Nuculites spec¬ 
imens was the result of postdepositional 
events. Such a view is supported here in both 
N. oblongatus and N. triqueter by the ob- 
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Fig. 37. Nuculites oblongatus Conrad. Bivariate comparisons of various samples. 


served thinness of the shells which would be 
readily deformed by sedimentary compac¬ 
tion. Although a thorough revision is pres¬ 
ently not feasible, a partial assessment of some 
of these conspecific or similar species is of¬ 
fered below (see also Babin, 1966). 

1. “NuculaT oblonga Hall, 1843 [=Nuculites 
oblongus (Hall) of Miller, 1877 and Lesley, 
1889]. Middle Devonian, New York. Placed 
in synonymy with N. oblongatus by Hall 
(1885). Hall’s original figure (1843, fig. 78-4), 
though generalized, shows the elliptical out¬ 
line and internal septum of N. oblongatus. 

2. Nuculites branneri Clarke, 1899 (1900, p. 73, 
pi. 8, figs. 6-8). Devonian, Para, Brazil. A 
more trigonally rounded species somewhat 
similar to N. beushauseni brevis Mauz (1933, 
fig. 11a). Vietor (1919) thought it might be 
conspecific with N. oblongatus and N. ellip- 


ticus. Nuculites sp. of Saul et al. (1963, pi. 137, 
figs. 1-7) from the Devonian of Ghana is 
probably N. branneri ; it will probably prove 
to be a valid Gondwana species. 

3. Nuculites milwaukeensis Cleland, 1911 [=Pa- 
laeoneilo milwaukeensis (Cleland) of Pohl, 
1929]. Middle Devonian (Milwaukee Fm.), 
Wisconsin. A subjective junior synonym of 
N. oblongatus based upon a single internal 
mold with hinge and septal groove. Cleland 
compared it with N. oblongatus. Pohl’s reas¬ 
signment to Palaeoneilo is puzzling. Evidently 
he did not observe the obvious septum; more¬ 
over he erroneously assumed Nuculites to be 
resiliated. Pohl also inaccurately placed Cle- 
land’s Palaeoneilo cf. plana Hall and various 
other specimens in synonymy with his “P.” 
milwaukeensis ; many of these are probably P. 
filosa. 

4. Nuculites modulatus Kindle, 1912. Onondaga 
of Pennsylvania, Virginia, and Maryland. 
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Morphologically close to N. oblongatus but, 
perhaps, not conspecific. The form seems rel¬ 
atively shorter in Kindle’s two figured speci¬ 
mens and three measured specimens. 

5. Nuculites perovalis (Williams and Breger), 
1916. Lower Devonian (Chapman Sand¬ 
stone), Maine. Based on two internal molds. 
Compared by Williams and Breger to N. el- 
lipticus as figured by Beushausen (1895, pi. 5, 
figs. 9-11). Specimens show an outline and 
septum similar to N. oblongatus but are too 
poorly preserved to verify. 

6. Nuculites ellipticus (Maurer), 1886. Wide¬ 
spread. Lower Devonian (Siegenian-Emsian) 
of Europe. Excellent accounts of the compli¬ 
cated and confusing history of this species 
name have already been given by Solle (1936) 
and Babin (1966). Because it has been used 
in different senses by different authors and has 
been repeatedly split and recombined, the 
name has become practically meaningless. 
Most of the confusion stems from two sources. 
(1) Shell and septal variation are remarkable, 
but Babin (1966) showed that the variants 
intergrade and are largely the result of dia- 
genetic distortions. (2) Beushausen’s (1895) 
erroneous conclusion that small forms with 
strong double septa ( Ditichia persulcata ; see 
above) are juveniles of N. ellipticus. The pos¬ 
terior septum of the juveniles, Beushausen and 
later authors had supposed, atrophied during 
growth while the anterior septum increased. 
In the adult the posterior septum either van¬ 
ished, or its remains were expressed on inter¬ 
nal molds as a faint groove in front of a cal¬ 
losity in each valve. Solsville N. oblongatus 
suggest that, in reality, the callosity is a natural 
mold of the posterior adductor scar which is 
occasionally so deeply impressed along its an¬ 
terior edge that it produces a short, steplike 
elevation. The supposed septal groove among 
the Solsville specimens is not a groove at all 
but merely the lower lying edge of the step 
representing a weak marginal buttress along 
the anterior edge of the posterior adductor in 
the original shell. This feature is hardly to be 
compared with a second septum and, like ad¬ 
ductor morphology in many other bivalve taxa, 
is too variable (and frequently absent) to be 
regarded as potentially useful in differentiat¬ 
ing species. 

Nuculites ellipticus, sensu stricto is regarded 
here as a subjective junior synonym of N. ob¬ 
longatus. The close similarities of the two were 
noted by Beushausen (1895); Clarke (1909) 
speculated that the two are conspecific as did 
Vietor (1919). The holotype of N. ellipticus as 


originally described by Maurer (1886) and lat¬ 
er figured by the same author (1902, pi. 15, 
fig. 8) has the same elongated elliptical outline 
and single septum of N. oblongatus but is too 
small for satisfactory comparisons. Larger, 
better topotypes accepted as N. ellipticus by 
Maurer but illustrated by Beushausen (1895, 
pi. 5, figs. 9-11) seem identical with N. ob¬ 
longatus as do the more recent figures of Babin 
(1973). 

7. Nuculites beushauseni (Fuchs), 1912. Objec¬ 
tive junior synonym of N. ellipticus (Maurer) 
and subjective junior synonym of N. oblon¬ 
gatus. Fuchs designated Beushausen’s (1895, 
pi. 5, figs. 9-11 [=7V. ellipticus, sensu stricto]) 
as types. Mauz (1933), who compared it to N. 
oblongatus, designated Beushausen’s pi. 5, fig. 

9, as lectotype (a photo of the lectotype is 
given by Solle, 1936, fig. 1). Mauz (1933, figs. 

10, 11) designated two other specimens from 
Maurer’s collection as N. beushauseni expan- 
sus and N. beushauseni brevis. These were 
shown by Babin (1966) to be orthogonally de¬ 
formed variants of the same species group. 
Nuculites beushauseni beushauseni of Mauz 
(1935) refers to the lectotype of N. beushau¬ 
seni (Fuchs). 

8. Nuculites ellipticus longus (Mauz), 1933 [= N. 
longus (Mauz) of Solle, 1936]. Probable sub¬ 
jective junior synonym of N. oblongatus. Ho¬ 
lotype is a laterally flattened internal mold (fig. 
9 of Mauz and fig. 4 of Solle) drawn from 
Maurer’s collection. It does not have a true 
second septum as supposed, but a slight pos¬ 
terior adductor buttress here deemed insig¬ 
nificant as similar variants are seen among N. 
oblongatus. 

9. Nuculites ellipticus ellipticus Solle, 1936. An 
objective junior synonym of N. beushauseni 
beushauseni and, hence, of N. ellipticus, sensu 
stricto. Both subspecies share the same lec¬ 
totype. Nuculites ellipticus ellipticus Mauz, 
1935 (and Maillieux, 1937) is a junior hom¬ 
onym used in an opposite sense in reference 
to the biseptate “juvenile” N. ellipticus, sensu 
lato of Beushausen (1895, pi. 5, figs. 12-14). 
Solle rejected this usage pointing out that bi¬ 
septate forms were not what Maurer originally 
had in mind. He proposed that N. ellipticus 
ellipticus would restore the original sense if it 
superseded N. beushauseni beushauseni. The 
“juveniles,” Solle argued, should be placed in 
a separate species which he designated N. per- 
sulcatus. 

10. Nuculites vaissieri (Leriche), 1912a. Lower 
Devonian (Gedinnian), France and Germany. 
A possible subjective junior synonym of N. 
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oblongatus. Leriche’s (1912a, pi. 6, figs. 5, 6; 
1912b, pi. 2, figs. 1-3) photos show small in¬ 
ternal molds practically identical with N. ob¬ 
longatus. His text-fig. 2 (1912b), a drawing of 
the hinge, is remarkably like the two Solsville 
hinges shown here (fig. 36A, G). 

11. Nuculites affinis (Beushausen), 1889 sensu Ba¬ 
bin, 1966. Nuculites affinis sensu Beushausen 
has a distinctive, crescentic shell shape. How¬ 
ever, Babin’s (1966, pi. 3, fig. 1) Middle De¬ 
vonian (Eifelian) internal mold from France 
seems identical with McAlester’s (1968, pi. 
28, figs. 3, 4) internal mold of N. oblongatus 
except that the latter is more completely pre¬ 
served beyond the pallial line. The short, up¬ 
ward, dorsoposterior curve of Babin’s speci¬ 
men suggestive of a crescentic shape is 
probably caused by the deeply impressed pos¬ 
terior adductor scars in that position as shown 
by McAlester’s figures. 

12. Williams (1917) described 19 badly oversplit 
new species of Nuculites from the Silurian of 
Washington County, Maine. McAlester 
(1962a, p. 11) called this work an “ultimate 
extreme of nomenclatural enthusiasm.” Many 
of Williams’s species show clear relations to 
Devonian Nuculites and should be restudied. 

Autecology: See Palaeoneilo. 

Nuculites triqueter Conrad, 1841 
Figures 5J, 38, 39 (nos. 1, 4-6, 8, 10) 

Nuculites triqueter Conrad, 1841, p. 50. Hall and 
Whitfield, 1869, p. 4. Miller, 1877, p. 198. Hall, 
1883, pi. 47, figs. 17-24; 1885, p. 326, pi. 47, 
figs. 17-28, pi. 93, figs. 8-10. Lesley, 1889, p. 
475,3 figs. Kindle, 1896, p. 42. Whiteaves, 1898, 
pp. 398, 416. Grabau, 1899, p. 255, fig. 72. 
Whitfield and Hovey, 1900, p. 294. Shimer and 
Grabau, 1902, p. 156. Clarke and Ruedemann, 
1903, p. 466. Cleland, 1903, p. 62. Grabau, 
1906, p. 330. Grabau and Shimer, 1909, p. 398, 
fig. 509d-f. Stauffer, 1909, p. 166; 1915, pp. 
226, 235; 1916, pp. 477, 483. Prosser and Kin¬ 
dle, 1913, pp. 107, 232, pi. 26, figs. 1-5. Wil¬ 
liams and Breger, 1916, pp. 160-161. Williams, 
1917, p. 30. [not] Willard, 1939, p. 476, pi. 26, 
fig. 17. Stumm, 1942, p. 557, pi. 81, fig. 29. 
Shimer and Shrock, 1944, p. 377, pi. 146, figs. 
15, 16. LaRocque and Marple, 1955, p. 85, fig. 
91. Stumm and Wright, 1958, pp. 93, 117. El¬ 
lison, 1965, p. 122, pi. 14, figs. 21, 22, [?]23. 
Babin, 1966, pp. 100-101; 1973, p. 43. Palmer 
and Brann, 1966, pi. 15, fig. 12. Wilson, 1975, 

p. 126. 

[?] Nuculites cf. triqueter Conrad. Babin, 1973, p. 
42, pi. 2, fig. 2. 


Nuculites triquetra Conrad. Hall and Whitfield, 
1872. 

Cucullella triquetra Conrad [sic]. Beushausen, 
1895, p.102. 

[?] Cucullella cf. triquetra Conrad [sic], Beushau¬ 
sen, 1895, p. 102, pi. 5, figs. 2, 3. [=A. dahmeri 
Solle, 1936, p. 191.] 

Nuculites triquetrus Conrad. Clarke, 1908, pp. 85, 
233, pi. 24, figs. 7-10. Bailey, 1975, p. 164, pi. 
12, figs. 16-18; 1978a, p. 121. 
t Nuculites nyssa Hall and Whitfield, 1869, p. 5. 
Hall, 1883 [in part], pi. 47, figs. 25-30; 1885, 
p. 328, pi. 47, figs. 29, 30. Whitfield and Hovey, 
1900, p. 292. Merrill, 1905, p. 44. 
t Nuculites cuneiformis Conrad. Hall, 1885 [in part], 
pi. 47, fig. 16. 

t[?] Nuculites doto Clarke, 1909 [in part] p. 140, 
pi. 33, fig. 6. 

t Nuculites laphami Cleland, 1911, p. 101, pi. 20, 
fig. 4. Pohl, 1929, p. 31, pi. 3, fig. 13. 
t [^Cucullella truncata Steininger, 1853, p. 52, pi. 
4, fig. 2. Maurer, 1886, p. 25. Beushausen, 1895, 
p. 101 [in part] pi. 5, figs. 5-7 [esp. fig. 6], [not] 
fig. 4. [Later ref. in Maillieux, 1937, p. 192.] 
t[?] Nuculites truncatus (Steininger). Kegel, 1913, 
p. 74. [=N. ( Cucullella) truncatus (Steininger). 
Vietor, 1919, p. 395.] Maillieux, 1937, p. 192, 
fig. 9 [see also Maillieux’s later ref.]. Dahmer, 
1942, p. 266. Babin, 1966, p. 101; 1973, p. 42, 
pi. 2, figs. 1, 3-5. 

t Cucullella posthuma Beushausen, 1895, p. 103, 
pi. 5, fig. 1. [=N. posthumus (Beushausen). Ba¬ 
bin, 1966, p. 100, pi. 3, figs. 6-8.] 
t[?] Cucullella longiuscula Beushausen, 1895, p. 
103, pi. 5, fig. 8. [=A. longiusculus (Beushau¬ 
sen). Dahmer, 1940, p. 267, figs. 11, 12.] [=N. 
truncatus (Steininger) according to Babin, 1973, 
P- 42.] 

Description: Shells thin, small- to medi¬ 
um-size, equivalve, moderately well inflated, 
nuculiform, trigonally rounded; length from 
one-third to one-fourth greater than height. 

Umbones at anterior third or fourth, broad, 
prominent, inflated, prosogyrous, arching 
above the hinge line. Posterior umbonal slope 
gibbous to straight and subangular, some¬ 
times carinate; posterior umbonal angle fairly 
gentle to moderately steep. Anterior umbonal 
slope short, concave anteriorly; anterior um¬ 
bonal angle steep. 

Ventral margin smoothly curving. Ante¬ 
rior margin sharply rounded, obliquely trun¬ 
cate to subtruncate. Posterior margin gently 
rounded, often becoming obliquely straight 
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Fig. 38. Nuculites triqueter Conrad. A, B. An internal mold (AMNH 36222) from AMNH loc. 3012. 
A. Right view. B. Dorsal view. C. Right view of a composite mold with prosopon (AMNH 36221) from 
AMNH loc. 3017. 


posterodorsally. A posterodorsal flange along 
the commissure behind the umbones may be 
variably developed to absent. 

Hinge line short, slightly elevated poste¬ 
riorly descending lower anteriorly, gently ar¬ 
cuate. Teeth finely taxodont forming a con¬ 
tinuous, uninterrupted row of crenulations 
between the umbones on internal molds. 
Nonresiliated. 

A strong, vertical, clavicle or septum is po¬ 
sitioned in each valve just in front of the 
umbones and is represented on internal molds 
and composite molds by a narrow cleft or 
furrow which is dorsally very deep and sharp¬ 
ly defined. It curves gently forward, ventrally 
becoming progressively less defined and (?) 
merging finally into the anterior limb of the 
pallial line. 

Pallial line and internal muscle scars ob¬ 
solescent. 

Prosopon consisting of very fine, indis¬ 
tinct, nonfasciculate growth lines; no radial 
elements, varices or rugae are apparent. A 
few, very slight, concentric undulations on 
inner shell surfaces are suggested by a few 
faint ridges on an internal mold (fig. 38A). 

Ligament unknown. Original microstruc¬ 
ture and mineralogy unknown. 

Remarks on Morphology: Two speci¬ 
mens of N. triqueter were recovered from the 
Solsville, a composite mold ( sensu Me- 
Alester, 1962b) with superimposed internal 
and external shell features from the argilla¬ 
ceous facies (fig. 38C), and an internal mold 
from the silty/sandy facies (fig. 38A, B). This 
species can easily be differentiated from Nu¬ 
culites oblongatus in the same strata by its 


shorter, more trigonal form, more gibbous 
umbones, and generally greater inflation. 

As in N. oblongatus , the shell here was orig¬ 
inally very thin in contrast to other thick- 
shelled nuculoids in the fauna (i.e., Nuculoi- 
dea deceptriformis and Palaeoneilo filosa ). So 
thin are the shells of N. triqueter that else¬ 
where it is commonly represented only by 
internal molds showing the characteristic 
septal cleft in each valve. Prosopon is rarely 
seen except in composite molds; here the cleft 
is also clearly visible (theoretically, in a pure¬ 
ly external mold, no evidence of the internal 
septum would be visible). The ease of dia- 
genetic distortion on such thin shells is prob¬ 
ably, in part, responsible for the great shape 
variability which has resulted in the prolif¬ 
eration of species synonyms (Babin, 1966, 
1973). Diagenetic flattening likely also ex¬ 
aggerates or underestimates the acuity of the 
umbonal ridge or carina, a feature which past 
authors have considered of diagnostic im¬ 
portance at the specific level. 

Hall (1885) indicated more than 20 teeth 
in the taxodont hinge series which is illus¬ 
trated in his plate 47, figure 24. In a Solsville 
internal mold, however, they are evident only 
as a series of fine crenulations along the dorsal 
line of commissure (fig. 38B). The absence of 
a resilifer may be deduced by the lack of a 
resilifer mold punctuating the crenulations as 
seen in nuculid internal molds. 

The internal mold (fig. 3 8A, B) shows no 
clear indication of internal muscular features; 
only the anteriormost part of the pallial line 
is visible. Considering the preservation qual¬ 
ity here, if these features had been even mod- 
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erately impressed into the inner shell sur¬ 
faces, they would surely be visible; evidently 
they were only weakly impressed in the orig¬ 
inal shell. 

Measurements: The specimen in figure 
38C has a length of 13.8 mm. (not truly rep¬ 
resentative since the posterior extremity is 
broken away) and a height of 11.3 mm. of 
the left valve (the right valve is a bit taller 
but has been diagenetically deformed); the 
total width of the articulated valves is 7.2 
mm.; and the posterior umbonal angle from 
near the venter to about half way up the um¬ 
bonal slope measures about 55°. The speci¬ 
men in figure 38A, B, is 16.9 mm. in length, 
12.4 mm. in height, and 10.1 mm. in total 
width (both valves); the posterior umbonal 
angle measures about 45° up to the midway 
point (beyond this region the curve of the 
umbonal slope makes objective angular mea¬ 
surement impossible). 

Comparisons: The shells of N. triqueter are 
strongly nuculid-like and seem especially 
comparable in shape to “ Nucula ” ( =Cary- 
dium ; see Bailey, 1978a, 1979a, and ms) var- 
icosa Hall and Whitfield, “ Nucula ” ( =Car - 
ydium\ references as above) bellistriata 
Conrad and some Nuculoidea corbuliformis , 
but the internal septum and indistinct non- 
fasciculate growth lines are distinguishing 
features. 

Nuculites triqueter has considerable strati¬ 
graphic range having been reported from rocks 
as old as the early Devonian (Onesquetha- 
wan) Gaspe Sandstone of east Canada (Clarke, 
1908) [similar shells have also been described 
in the Oriskany Sandstone of New York 
(Clarke, 1909) and the early Devonian of 
Germany] to rocks as young as the later De¬ 
vonian (Fingerlakesian) Ithaca Mbr., Genes¬ 
ee Formation, of New York (Prosser and 
Kindle, 1913). 

Descriptions and figures of past authors in¬ 
dicate few or no differences between N. tri¬ 
queter and several other species: 

1. Nuculites cuneiformis Conrad (1841) from the 
Hamilton of New York. A rare, longer species 
of uncertain validity showing a sharp, cunei¬ 
form posterior extremity (diagenetically dis¬ 
torted N. triqueter ?). A smaller specimen of Hall 
(1885, pi. 47, fig. 6) closely approaches N. tri¬ 
queter. See N. longiusculus (below). 

2. Nuculites nyssa Hall and Whitfield (1869) from 
the Hamilton of New York. This species, orig¬ 


inally distinguished only by its more ovate form, 
seems identical with N. triqueter from the same 
beds and is here regarded as a junior synonym. 
Even Hall equivocated; so great are the simi¬ 
larities that many specimens he earlier (1883) 
assigned to N. nyssa he later (1885) placed in 
N. triqueter after observing the intraspecific 
variation in larger collections. 

3. Nuculites laphami Cleland (1911) from the 
Middle Devonian (Milwaukee Formation), 
Wisconsin. Based on a single internal mold de¬ 
scribed as showing a less trigonal shape and 
less distinct umbonal ridge than N. triqueter. 
However, the specimen was indicated as being 
“much weathered.” Since no real basis for dis¬ 
tinction seems evident in Cleland’s drawing and 
Pohl’s (1929) photograph, the species is here 
considered a probable junior synonym of N. 
triqueter. 

4. Nuculites doto Clarke (1909) from the Lower 
Devonian Oriskany Sandstone of New York. 
Probably a valid species. Clarke’s plate 33, fig¬ 
ures 5, 7-10, shows internal molds uniquely 
possessing a slight, posterior clavicular cleft in 
addition to the typical anterior cleft. However, 
his figure 6, labeled N. doto , is probably N. 
triqueter. 

5. Nuculites truncatus (Steininger), 1853, from the 
Lower Devonian (Siegenian-Emsian) of Ger¬ 
many. Beushausen’s (1895) observation that this 
species is morphologically very similar to Hall’s 
illustrations of N. triqueter is further supported 
by most of his figures, plate 5, figures 5-7 (his 
fig. 4 is not Nuculites but, perhaps, Gonioph- 
ora). Nuculites truncatus is probably, for the 
most part, a junior synonym. Babin (1973) has 
also noted the close similarities but has not fully 
accepted synonymy of the two because of age 
difference and skepticism of Hall’s figures. 
However, age difference does not seem signif¬ 
icant since many other Rheinish-Appalachian 
Devonian bivalve species show an earlier oc¬ 
currence in Europe than in North America as 
I have indicated. Moreover, while it is true that 
Hall’s figures are occasionally fanciful, most of 
Hall’s original specimens I have examined 
closely agree with his figures. 

6. Nuculites cf. triqueter (Beushausen), 1895 from 
the Lower Devonian (Emsian) of Germany. 
Beushausen noted no significant differences in 
shell form between the Rheinish specimens and 
N. triqueter. His figures show two internal molds 
which have a gently arcuate posterior dorsal 
margin, a feature found in some American 
specimens but supplanted in others by a 
straighter margin. The variability is probably 
due in large part to diagenetic differences. One 
distinction of seeming importance is that the 
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Fig. 39. Nuculites Conrad. Morphologic variation as figured by different authors. 1, 4-6, 8, 10. N. 
triqueter Conrad in Hall (1885, pi. 47: /-fig. 22, 4- fig. 23, 5-fig. 19, 6-fig. 27, <3-fig. 18, 70-fig. 
17). 2, 3. N. truncatus (Steininger) in Beushausen (1895, pi. 5: 2—fig. 6, 3—fig. 5a). 7. N. cf. triqueter 
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taxodont tooth row is characteristically unin¬ 
terrupted in the American species but separated 
into anterior and posterior rows in the German 
forms. Solle (1936) considered this sufficient 
basis for calling Beushausen’s specimens by a 
separate name, N. dahmeri. Oddly enough, the 
enlargement of the tooth row of N. cf. triqueter 
(Beushausen’s pi. 5, fig. 2A) does not show the 
tooth row separation he described. 

7. Nuculites posthumus (Beushausen), 1895 from 
the Middle Devonian (Eifelian) of Germany. 
Beushausen compared this species with N. 
truncatus except for its absence of a sharp, um- 
bonal keel, less curving beaks and flatter form. 
His single figure, however, seems identical with 
N. triqueter . Babin (1966) regarded N. posthu¬ 
mus as a separate species noting that N. post¬ 
humus lacks the diagonal keel and straighter 
posterodorsal margin of N. triqueter. Individ¬ 
uals, he maintained, sometimes look similar to 
N. triqueter as a result of slight mechanical de¬ 
formation. His plate 3, figure 6, however, shows 
an internal mold nearly identical to the Sols- 
ville figure 3 8A. 

8. Nuculites longiusculus (Beushausen), 1895 
from the Lower Devonian (Emsian) of Ger¬ 
many. Originally based upon a single internal 
mold (Beushausen, 1895, p. 103, pi. 5, fig. 8) 
like N. triqueter but more cuneiform, ap¬ 
proaching N. cuneiformis Conrad (1841) (see 
Hall, 1885, pi. 47, figs. 13-16) as remarked by 
Beushausen. Two topotypic specimens of N. 
longiusculus later figured by Dahmer (1940, figs. 
11, 12) as well as Beushausen’s holotype were 
considered by Babin (1973) to be distorted 
specimens of N. truncatus found in the same 
beds. 

Autecology: See Palaeoneilo. 

GENUS PALAEONEILO 
HALL AND WHITFIELD, 1869 

Type Species: By subsequent designation 
of Hall (1885), Nuculites constricta Conrad, 
1842, from the Middle Devonian (Hamilton) 


near Moravia, Cayuga County, New York. 
Similar shells have been reported in North 
America from Lower Devonian-Lower Mis¬ 
sissippi deposits by other authors. 

Generic Usage: Palaeoneilo was diag¬ 
nosed by McAlester (in Moore, 1969; see same 
source for a list of generic synonyms) as mal- 
letiids with a faint, posterior, radial sulcus or 
groove, concentric prosopon and no internal 
clavicle (septum). Since an incipient “sep¬ 
tum” (in reality little more than a shell thick¬ 
ening or buttress along the rear edge of the 
anterior adductor; hardly a true septum) is 
evident among occasional individuals in sev¬ 
eral species (including the type species), 
Palaeoneilo is here diagnosed as like Nucu¬ 
lites Conrad but internal septum absent or 
incipient only. 

Palaeoneilo constricta (Conrad), 1842 

Figures 51, 6F, 40D, 44P 

Nuculites constricta Conrad, 1842, p. 249, pi. 15, 
fig. 8. 

Palaeaneilo [sic] constricta (Conrad). Hall and 
Whitfield, 1869, p. 7. Whitfield, 1882, p. 355, 
pi. 26, figs. 13, 14. 

Palaeoneilo constricta (Conrad). Miller, 1877, p. 
199. Hall, 1883, pi. 48, figs. 1-15; 1885, p. 333, 
pi. 48, figs. 1-16, pi. 51, fig. 17. Whitfield, 1883, 
p. 369. Lesley, 1889, p. 580, 2 figs. Kindle, 1896, 
p. 42. Grabau, 1899, p. 256, fig. 173; 1906, p. 
330. Whitfield and Hovey, 1900, p. 294-296. 
Clarke and Ruedemann, 1903, p. 474. Cleland, 
1903, p. 64; 1911, p. 102, pi. 20, figs. 9, 19-22; 
1916, p. 459, fig. 432E. Clarke, 1904, p. 311, 
pi. 15, figs. 9-13. Slocum, 1906, p. 265. Prosser 
and Kindle, 1913, p. 235, pi. 26, figs. 9-12. 
Clarke and Swartz, 1913, p. 620, pi. 61, figs. 7- 
10. Williams and Breger, 1916, p. 163, etc. Wil¬ 
lard, 1939, p. 477, etc. Shimer and Shrock, 1944, 
p. 377, pi. 146, figs. 20, 21. McAlester, 1962a, 
p. 17, pi. 1, figs. 1-18; 1963a, pp. 1211, 1221, 
figs. 2, 9; 1963b, p. 989, tabs. 1, 2, pi. 121, figs. 


Conrad in Beushausen (1895, pi. 5, fig. 3a). 9. N. posthumus (Beushausen) 1895, pi. 5, fig. 1. 11, 13- 
15. N. cuneiformis Conrad in Hall (1885, pi. 47: 11— fig. 16, 13— fig. 13, 14— fig. 14, 15— fig. 15). 12. 
N. longiusculus (Beushausen), 1895, pi. 5, fig. 8, 16, 17, 19, 20. N. oblongatus Conrad in Hall (1885, pi. 
47: 16— fig. 3, 77—fig. 2, 79—fig. 1, 20— fig. 10). 28 in Prosser and Kindle, 1913, pi. 25, fig. 20. 18, 
21, 22. N. ellipticus (Maurer) in Beushausen (1895, pi. 5: 18— fig. 11, 27—fig. 9, 22—fig. 10). 23. N. 
solenoides (Goldfuss) in Beushausen, 1895, pi. 5, fig. 17. 23-25. N. solenoides var. cultrata (Sandberger) 
in Beushausen (1895, pi. 5: 23-fig. 17, 24- fig. 19, 25-fig. 18). 26, 27. N. affinis (Beushausen) in 
Beushausen (1895, pi. 5: 26-fig. 22, 27-fig. 21). 29, 30. N. neglectus (Hall) in Ulrich (1897, pi. 42: 
29— fig. 25, 30— fig. 22). 31. N. sp. Clarke (1908, pi. 24, fig. 11). 32. N. tortus Barrois (1891, pi. 1, fig. 
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1-18, pi. 122, figs. 1-17; 1968, p. 41, pi. 15, 
figs. 1-15; 1969, p. N233, fig. A5, 9 in Moore. 
Ellison, 1965, p. 124, pi. 14, figs. 27-37. Palmer 
and Brann, 1966, pi. 1, fig. 13, pi. 15, figs. 4, 
13. Bailey, 1975, p. 201, pi. 15, fig. 5, text-figs. 
30, 31; 1978a, pp. 120, 121. 

Palaeoneilo cf. constricta (Conrad). Clarke, 1908, 
p. 233, pi. 24, fig. 6. Kindle, 1912, p. 87, pi. 7, 
fig. 10 [see also Kindle’s exhaustive ref. list]. 
Pohl, 1929, p. 34, pi. 4, figs. 2-15. Cooper and 
Cloud, 1938, p. 452, pi. 55, fig. 2. 

[?] Palaeoneilo sp. aff. P. constricta (Conrad). Wil¬ 
son, 1975, p. 127, pi. 72, fig. 20. 

Palaeoneilo constricta (Conrad) var. flexulosa Hall, 
1883, pi. 48, figs. 16-20; 1885, p. 334, pi. 48, 
figs. 17[?], 18-20. Whitfield and Hovey, 1900, 
p. 296. 

Ctenodonta constricta Conrad [sic]. Beushausen, 
1895, p. 91. 

[?] Nuculites maxima Conrad, 1841, p. 50. [=Tel- 
lina ovata Hall, 1843, p. 196, fig. 6. =Palaea- 
neilo maxima (Conrad), Hall and Whitfield, 
1869, p. 9. =Palaeoneilo maxima (Conrad), 
Hall, 1883, pi. 48, figs. 29-38; 1885, p. 335, pi. 
48, figs. 29-38. Whitfield and Hovey, 1900, p. 
296.] [See also McAlester, 1962a, p. 17.] 
Nucula bellatula Hall, 1843, p. 197, fig. 78, no. 7. 
[=N. bellula [sic] Hall. Clarke, 1904, p. 311. 
[not] Nuculoidea bellatula Williams and Breger, 
1916, p. 174, pi. 19, fig. 4.] See additional ref. 
in Kindle, 1912, p. 87. [Synonym also of 
McAlester, 1962a, p. 17.] 

Palaeaneilo [sic] plana Hall and Whitfield, 1869, 
p. 7. [= Palaeoneilo plana Hall [and Whitfield]. 
Hall, 1883, pi. 48, figs. 21-28; 1885, p. 334, pi. 
48, figs. 21-28. =P. cf. plana Hall [and Whit¬ 
field]. Cleland, 1911, p. 104, pi. 20, figs. 15, 16. 
[not] P. plana Hall [and Whitfield]. Clarke and 
Swartz, 1913, p. 621, pi. 61, figs. 1, 2[?], 3. [in 
part] P. plana Hall [and Whitfield]. Willard, 
1939, p. 477, etc., pi. 26, fig. 28, [not] fig. 29.] 
[Provisional synonym of McAlester, 1962a, p. 
17.] 

[?] Palaeaneilo [sic] brevis Hall and Whitfield, 1869, 
p. 10. [=Palaeoneilo brevis Hall [and Whitfield]. 
Hall, 1883, pi. 50, figs. 24-33; 1885, p. 342, pi. 
50, figs. 24-33. [not] P. brevis Beushausen, 1884, 
p. 79, pi. 3, fig. 13a, b.] [Provisional synonym 
also of McAlester, 1962a, p. 17.] 
f[?] Palaeoneilo bedfordensis Meek, 1875, p. 298, 
pi. 15, fig. 3a-c. [=Polaeoneilo[sic\ bedfordensis 
Meek. Lesley, 1889, p. 580.] 

Palaeoneilopetila Clarke, 1904, p. 311, pi. 15, figs. 
1-8. [?]Clarke and Swartz, 1913, p. 624, pi. 60, 
fig. 24. [Provisional synonym of McAlester, 
1962a, p. 17.] 

[??] Palaeoneilo cf. petilla [sic] Clarke. Butts, 1941, 
p. 203, pi. 120, fig. 12. 


f[?] Palaeoneilo mainensis Clarke, 1907a, p. 230. 
1909, p. 110, pi. 28, figs. 24-30. [=P. (Ditichia) 
mainensis Clarke. Williams and Breger, 1916, 
p. 168, pi. 19, figs. 10171, 12[7], 19[?], pi. 25, 
figs. 6, 9, 11, 13.] 

t Palaeoneilo {Nuculites) folles Clarke, 1907a, p. 

232; 1909, p. 36, pi. 7, figs. 1-3. 
t[?] Palaeoneilo orbignyi. Clarke, 1909, p. 109, pi. 
28, figs. 20-23. [not] Clarke, 1899 (1900), p. 74, 
pi. 8, figs. 14-17. 

Nucula snyderensis Branson, 1924, p. 112, pi. 25, 
figs. 17, 18. [=N. cf lirata (Conrad), Branson, 
1924, p. 112, pi. 25, figs. 13,14.] [Synonym also 
of McAlester; see especially 1963b, p. 989J 
t[?] Palaeoneilo dentata Pohl, 1929, p. 34, pi. 4, 
figs. 16-25. [=P. brevis Hall [and Whitfield]. 
Cleland, 1911, p. 101, pi. 20, figs. 6, 7. =Palaeo- 
neilo sp. Cleland, 1911, p. 105, pi. 20, fig. 8.] 
f [?] Palaeoneilo sp. Caster, 1930, p. 74, pi. 40, fig. 
12 . 

t[?] Ctenodonta krotonis Roemer, 1850 [ =Cucul - 
lella tenuiarata Sandberger and Sandberger, 
1850-1856, p. 276, pi. 29, fig. 4.] Beushausen, 
1895, p. 72, pi. 5, figs. 24, 25. 
t[?] Ctenodonta crassa Beushausen, 1895, p. 77, 
pi. 6, figs. 4, 5. Maillieux, 1937, fig. 6. [See other 
ref in Maillieux, p. 179.] [not Palaeoneilo cras¬ 
sa Clarke and Swartz, 1913, p. 625, pi. 61, figs. 
14, 15.] 

t[?] Ctenodonta aff crassa Beushausen. Maurer, 
1902, p. 43, fig. 10a [not 10b]. 
t[?] Ctenodonta gemiindensis Beushausen, 1895, 
p. 80, pi. 5, figs. 26[?], 27. 
t[?] Ctenodonta elegans Maurer, 1886, p. 14. Beu¬ 
shausen, 1895, p. 81, pi. 7, fig. 6. [See other ref. 
in Maillieux, 1937, p. 175.] 
t Ctenodonta daleidensis Beushausen, 1895, p. 85, 
pi. 6, fig. 6. 

t Ctenodonta demigrans Beushausen, 1895, p. 90, 
pi. 6, figs. 1, 2. 

t Ctenodonta sp. aff. demigrans Beushausen. Ba¬ 
bin, 1966, p. 64, pi. 1, figs. 16-19. 
t Ctenodontaplaniformis Beushausen, 1895, p. 91, 
pi. 6, fig. 3, pi. 7, fig. 5. Dahmer, 1942, figs. 19, 
20. [See other ref. in Dahmer, p. 288.] 
t[?] Ctenodonta {Palaeoneilo) aff planiformis 
Beushausen. Kegel, 1913, p. 83, pi. 4, fig. 7. 
t[?] Ctenodonta {Palaeoneilo) maureri var. obso- 
leta Kegel, 1913, p. 79, pi. 4, fig. 8. 
t[?] Ctenodonta {Palaeoneilo) Candida Kegel, 1913, 
p. 82, pi. 4, fig. 9. 

Description: See recent redescriptions of 
McAlester (1962a, p. 17; 1963b, p. 989; 1968, 
p. 41). 

Remarks on Morphology: The single 
right valve (fig. 44P) shows the typical, faint, 
posteroventral embayment or sinus in the 
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Fig. 40. Palaeoneilo Hall and Whitfield hinges as figured by Hall (1885). A, B. P. fecunda in Hall 
(pi. 49: A—fig. 21, B—fig. 22). C. P. plana in Hall (pi. 48, fig. 26). D. P. constricta in Hall (pi. 48, fig. 


shell margin, a feature which also shows up 
in the growth lines near the same region. The 
sinus is associated with a broad, faint, radial 
sulcus in the shell extending from the umbo 
toward the posteroventral margin. Since this 
feature is subtle, it can best be seen under 
low-angle, high-contrast illumination. 

Along shell margins (especially the antero- 
ventral and posterodorsal margins), a thin 
commissural flange or brim is visible; this 
has probably resulted from diagenetic flat¬ 
tening. It seems likely that shell inflation and 
relief of the radial sulcus have been reduced 
by the same process. 

Dentition of this species is poorly known. 
Here only the posterior portion of the taxo- 
dont tooth row is visible. Individual denticles 
are uniform, each possessing a short, verti¬ 
cally cylindrical shape, often with a slight tu¬ 
bercular swelling at upper and lower tooth 
extremities. The teeth decrease in strength 
toward the umbo. As illustrated by Hall (see 
fig. 40C, D), anterior and posterior tooth rows 
of P. constricta appear to thin and merge al¬ 
most imperceptibly beneath the umbones 


without the major interruption or deflection 
as seen in other species. 

McAlester (1962a, 1963b, 1968) has ob¬ 
served that typical populations of P. constric¬ 
ta were polymorphic with respect to shell 
shape and prosopon. In the Solsville speci¬ 
men prosopon consists of very fine, regular, 
concentric growth lines numbering as many 
as or more than eight lines per mm. Relief is 
very low on these, and they cannot be clearly 
discerned without optical aid. Neither radial 
elements, concentric undulations, nor growth 
varices are evident. Several of McAlester’s 
(1962a, pi. 1, figs. 1-18) specimens show the 
same fine growth line pattern observed here; 
some of his others show variably developed 
concentric growth varices. 

Marked shell shape variation exists among 
McAlester’s P. constricta samples with re¬ 
spect to umbonal position and posterior elon¬ 
gation. In some individuals (e.g., McAlester, 
1962a, pi. 1 , fig. 17), umbones are almost 
middorsally placed; in most others they are 
more anteriorly located. Some individuals 
approach a suborbicular shape (e.g., Me- 
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Alester, 1968, pi. 15, fig. 6) with a weak pos- 
teroventral sinus, whereas others (e.g., same 
pi., fig. 5) are more posteriorly elongate with 
prominent sinus and sulcus. Since the shell 
was probably thin as in Nuculites, inherent 
shape variability is no doubt aggravated by 
the relative ease of diagenetic distortion. 

Many internal shell features are well known. 
The adductor and accessory musculature were 
described by McAlester (1963b). In the same 
work his plate 121, figures 2, 5, 8, 14, 18, and 
plate 122, figures 12-15, 17, show a poste¬ 
riorly recessed pallial line with a small, dis¬ 
tinct, posterior pallial sinus like Nuculites. 
Evidently P. constricta had small, extensible 
siphons. 

One seemingly neglected shell feature var¬ 
iably developed in this species is an incipient 
internal anterior septum as shown in several 
of McAlester’s (1962a, pi. 1, figs. 4, 6, 11, 12, 
14) composite molds. In his figure 12 the 
“septum” appears to be little more than a 
strong rim of the anterior adductor scar (di- 
agenetically exaggerated?). Others in his sam¬ 
ple show little or no evidence of this feature. 

Measurements: The specimen measures 
19.0 mm. in length and 12.5 mm. in height, 
slightly larger than the lectotype (from the 
Hamilton Group near Moravia, New York) 
which, according to McAlester (1968), mea¬ 
sures 18 mm. in length and 12 mm. in height. 
His (1962a) 101 measured specimens had a 
median length of 16 mm. with shell height 
ranging from 41 to 86 percent of length. A 
similar size range is indicated by Hall (1885) 
with the largest specimen 25 mm. in length 
and 18 mm. in height. 

Comparisons: Evaluations of several Pa- 
laeoneilo species occurring in the Upper De¬ 
vonian are given in McAlester (1962a). 

Palaeoneilo constricta is readily distin¬ 
guishable from P. filosa found in the same 
beds. The former is smaller, more thin-shelled 
with less inflation and finer, more uniform 
prosopon; the posterior marginal sinus is more 
ventrally directed than in P. filosa, and the 
radial sulcus is weaker. The uniform, vertical, 
“dumbbelF’-shaped denticles in P. constricta 
are seen in P. filosa near the umbones only; 
the remaining teeth in P. filosa are robust, 
chevron-shaped denticles. 

Failure of early authors to recognize the 
broad variation of both prosopon and shell 


form in normal populations of P. constricta 
has resulted in the proliferation of synonyms 
many of which seem, at best, polymorphic 
or diagenetic variants. The incipient, variably 
developed to absent septum has generated 
further confusion because past authors have 
accorded generic significance to its presence 
or absence. Thus, while one member of a 
population lacking it might be placed in Pa¬ 
laeoneilo, another member with the structure 
might be mistakenly assigned to Nuculites or 
Cucullella. 

Descriptions and figures of past authors in¬ 
dicate few or no differences between P. con¬ 
stricta and several other species: 

1. Palaeoneilo maxima (Conrad), 1841. Middle- 
Upper Devonian, New York. Poorly pre¬ 
served material similar to P . constricta. 
McAlester (1962a) suspected that P. constric¬ 
ta is a junior synonym of the earlier P. max¬ 
ima but advocated suspension of priority since 
the former is the morphologically well- 
grounded type species of Palaeoneilo and the 
material basis of the latter is poor. Adherence 
to priority, he maintained, would seriously 
undermine the diagnostic clarity of genus Pa¬ 
laeoneilo. 

2. “Nucula” bellatulaHall, 1843. Devonian, New 
York. Hall’s original figure, though general¬ 
ized, is a clear example of P. constricta show¬ 
ing the fine lirae, sulcus, and taxodont hinge. 
Although Miller (1877) and Lesley (1889) er¬ 
roneously placed Hall’s species in synonymy 
with “ Nuculd ” bellistriata Conrad (=Cary- 
dium bellistriatum ; see Bailey, 1978a, 1979a), 
Hall (1885) himself considered it synonymous 
with P. constricta, and McAlester (1962a) 
agreed. 

3. Palaeoneilo plana Hall and Whitfield, 1869. 
Middle Devonian (Hamilton), New York. A 
junior synonym of P. constricta applied to 
elongate variants with more subcentrally 
placed umbones and delicate prosopon. Hall 
(1885) compared it to P. constricta ; his figures 
show only minor differences well within the 
range of observed variation. Placed in tenta¬ 
tive synonymy with P. constricta by Mc¬ 
Alester (1962a). 

4. Palaeoneilo brevis Hall and Whitfield, 1869 
(not P. brevis Beushausen, 1884). Upper De¬ 
vonian (Chemung), New York-Pennsylvania. 
Needs restudy. Hall (1885) allied this species 
to P. constricta ; McAlester (1962a) also placed 
it in tentative synonymy. Some of Hall’s fig¬ 
ures of this species agree with P. constricta ; 
others do not. Hinge taxodont. 
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5. Palaeoneilo bedfordensis Meek, 1875. Lower 
Mississippian (Bedford Shale) of Ohio. Meek 
compared it to P. brevis Hall. The shell out¬ 
line, prosopon, sulcus, and hinge shown in his 
figure 3b are convincingly similar to P. con- 
stricta. If conspecific it represents the latest 
known occurrence of the species. 

6. Palaeoneilo petila Clarke, 1904. Upper De¬ 
vonian (Sonyea Formation), New York. A 
probable junior synonym applied to small, 
elongated variants of P. constricta. Clarke 
compared this species to P. constricta ; 
McAlester (1962a) placed it in tentative syn¬ 
onymy. Clarke’s figures, especially his plate 
15, figures 5-8, confirm McAlester’s conclu¬ 
sion. Hinge taxodont. 

7. Palaeoneilo mainensis Clarke, 1907a. Lower 
Devonian (Chapman Sandstone), Maine. Pos¬ 
sible junior synonym. Shell form and denti¬ 
tion agree with P. constricta ; incipient sep¬ 
tum. Clarke compared it to P. orbignyi, another 
possible synonym in part. 

8. Palaeoneilo folles Clarke, 1907a. Lower De¬ 
vonian (Helderbergian) Dalhousie Shale, New 
Brunswick. Possible junior synonym. Hinge 
unknown. Incipient septum? Clarke’s three 
specimens are similar to P. constricta ; one 
clearly shows the marginal sinus and radial 
sulcus. 

9. Palaeoneilo orbignyi in Clarke, 1909 (not P. 
orbignyi Clarke, 1899, 1900). Lower Devo¬ 
nian (Chapman Sandstone), Maine. One of 
Clarke’s (1909, pi. 28, fig. 23) specimens re¬ 
sembles P. constricta ; hinge unknown. Affin¬ 
ities of other Maine specimens to Clarke’s 
South American species, P. orbignyi, uncer¬ 
tain. Williams and Breger (1916) regarded P. 
orbignyi as synonymous with the European 
Ctenodonta crassa Beushausen, a species like¬ 
ly, in part, to be P. constricta (see below). 

10. Palaeoneilo crassa Clarke and Swartz, 1913. 
Upper Devonian (Jennings Formation), 
Maryland. Based on an internal mold with 
continuous tooth row, musculature, and pal- 
lial line. McAlester (1962a) did not recognize 
this species due to lack of external morphol¬ 
ogy. The form and hinge are like P. constricta. 

11. “ Nuculd ” snyderensis Branson, 1924. Upper 
Devonian (Snyder Creek Shale), Missouri. 
Based mostly on internal molds. McAlester’s 
(1963b) restudy leaves little doubt that this 
species, as well as “A.” cf. lirata of Branson, 
are synonymous with P. constricta. 

12. Palaeoneilo dentata Pohl, 1929. Middle De¬ 
vonian (Milwaukee Fm.), Wisconsin. Based 
on several small composite molds showing the 
hinge, shell outline and marginal sinus. Ap¬ 
pears identical with P. constricta. 


13. “ Ctenodonta ” krotonis Roemer, 1850. Mid¬ 
dle Devonian (Eifelian), Germany, and Upper 
Devonian (Frasnian), France. Beushausen 
(1895) reproduced and Sandbergers’ (1850- 
1856) figure of “Cucullella” tenuiarata and 
placed it in synonymy with “C” krotonis. 
Beushausen’s figures strongly resemble vari¬ 
ants of P. constricta with delicate, regular pro¬ 
sopon, taxodont hinge, and poorly defined 
marginal sinus and sulcus (cf. fig. 44P). Babin 
(1966) placed it in synonymy with “ Cteno¬ 
donta ” sp. aff. demigrans (see below). 

14. “ Ctenodonta ” gemuendensis Beushausen, 
1895. Lower Devonian (Siegenian-lower Em- 
sian), Germany. Hinge taxodont. A possible 
candidate for synonymy but too poorly known 
for confirmation. 

15. “ Ctenodonta ” elegans Maurer, 1886. Lower 
Devonian (Emsian), Germany. Taxodont 
hinge. Maurer’s (1902, pi. 4, fig. 12) specimen, 
designated lectotype by Mauz (1935), is a bad¬ 
ly deformed internal mold, affinities un¬ 
known. But Beushausen’s (1895) figure resem¬ 
bles a variant of P. constricta with more 
subcentral umbones, fine, regular prosopon 
and typical marginal sinus and radial sulcus. 

16. “Ctenodonta” daleidensis Beushausen, 1895. 
Lower Devonian (Emsian), Germany. Hinge 
unknown but holotype profoundly resembles 
P. constricta. A probable synonym. 

17. “Ctenodonta” demigrans Beushausen, 1895. 
Lower Devonian (Gedinnian? and Emsian), 
Germany and France. Lectotype designated 
by Mauz (1935) is Beushausen’s, 1895, plate 
6, figure 1. Hinge unknown. Probable syn¬ 
onym. Beushausen observed the extraordi¬ 
nary similarity to P. constricta ; kinship seems 
especially pronounced in the lectotype. Ba¬ 
bin’s (1966) “C.” sp. aff. demigrans (Upper 
Devonian Frasnian of France) are internal 
molds with well-preserved hinges; the form is 
of P. constricta with incipient septum. Babin 
(1966) considered it very similar if not iden¬ 
tical to P. petila Clarke (see above). 

18. “Ctenodonta” planiformis Beushausen, 1895. 
Lower Devonian (Emsian), Germany. Lec¬ 
totype designated by Mauz (1935) is Beu¬ 
shausen’s, 1895, plate 6, figure 3. Beushausen 
noted the similarities of this species to P. plana, 
a probable synonym of P. constricta. The lec¬ 
totype is a composite mold with partial hinge. 
Similarities to P. constricta are strong. 

19. “Ctenodonta” maureri Beushausen, 1895. 
Lower Devonian (Emsian), Germany. Prob¬ 
able junior synonym of P. emarginata (Con¬ 
rad), 1841. Hinge taxodont. Very similar to 
weaker variants of P. emarginata (Middle- 
Upper Devonian, New York) as illustrated by 
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Hall (1885, pi. 50, figs. 4-6) and Cleland (1911, 
pi. 20, figs. 11, 12; =P. corrugata Pohl, 1929, 
pi. 4, figs. 26-33). Also similar in part to P. 
sulcatina (Conrad) of Hall (1885, pi. 50, fig. 
43) and in part to P. constricta var. flexulosa 
of Hall (1885, pi. 48, fig. 17). The shells are 
like P. constricta but the prosopon is more 
coarsely lirate and sinus/sulcus more sharply 
defined. Variants in populations of P. con¬ 
stricta approach this morphology but are un¬ 
common. Beushausen described nine subspe¬ 
cies of “C.” maureri, all need restudy. Mauz 
(1935) designated lectotypes of “C.” maureri 
maureri Beushausen and “C.” maureri du- 
nensis Beushausen. Kegel’s (1913, pi. 4, fig. 
8) “C.” (Palaeoneilo) maureri var. obsoleta 
Beushausen is probably P. constricta. 

20. “ Ctenodonta ” megaptera Beushausen, 1895. 
Lower Devonian (Emsian), Germany. Hinge 
unknown. Similar to “C.” maureri. 

21. “ Ctenodonta ” primaeva Steininger, 1853. 
Lower Devonian (Emsian), Germany. Lec- 
totype designated by Mauz (1935) is plate 3, 
figure 9a of Steininger. Beushausen’s speci¬ 
mens are internal molds with taxodont hinge 
and external ligament. Has the general form 
of P. constricta but sinus/sulcus (?)absent. See 
also remarks of Babin (1966, p. 66). 

22. “ Ctenodonta ” crassa Beushausen, 1895 (not 
P. crassa Clarke and Swartz, 1913). Lower 
Devonian (Emsian), Germany. Beushausen’s 
plate 6, figure 4, 4a, shows an internal mold 
similar to P. constricta with well-preserved 
taxodont hinge; but his plate 6, figure 5a, b, 
of the shell exterior does not seem to agree 
with the internal mold. Needs restudy. 

23. “ Ctenodonta ” ( Palaeoneilo ) Candida Kegel, 
1913. Lower Devonian (Siegenian), Ger¬ 
many. Although Kegel indicated that this 
species closely compares with P. primaeva 
Steininger, his figure shows a stronger resem¬ 
blance to P. constricta. 

Other European species showing certain 
similarities to P. constricta but requiring fur¬ 
ther study include: 44 Ctenodonta ” laevis Beu¬ 
shausen, 1884, plate 3, figure 10; Palaeoneilo 


obovata Beushausen, 1884, plate 3, figure 17; 
and 44 Ctenodonta ” hercynial Beushausen of 
Spriestersbach, 1915 (in part), plate 3, figures 
14?, 16?, 17?, 18? (not figs. 15, 18a). 

Palaeoneilo filosa (Conrad), 1842 

Figures 5G, 42, 43A, 44A-L 

Nuculites filosa Conrad, 1842, p. 250, pi. 15, 
fig. 7. 

Palaeaneilo [s/c] filosa (Conrad). Hall and Whit¬ 
field, 1869, p. 10. 

Palaeoneilo filosa (Conrad). Miller, 1877, p. 199. 
Hall, 1883, pi. 49, figs. 33-38; 1885, p. 343, pi. 
49, figs. 33-38. Kindle, 1896, p. 43. Whitfield 
and Hovey, 1900, p. 296. Clarke and Ruede- 
mann, 1903, p. 477. [not] Clarke and Swartz, 
1913, p. 623, pi. 61, figs. 11, 12. [?] Willard, 
1939, p. 477, etc., pi. 26, fig. 26. McAlester, 
1962a, p. 16. Ellison, 1965, p. 127, pi. 15, fig. 
6. Palmer and Brann, 1966, pi. 1, fig. 12. 
Palaeaneilo [sic\fecunda Hall and Whitfield, 1869, 
p. 8. Whitfield, 1882, p. 357; 1883, p. 369. 
Palaeoneilo foecunda [s/c] Hall [and Whitfield]. 
Miller, 1877, p. 199. 

Palaeoneilo fecunda Hall [and Whitfield]. Hall, 
1883, pi. 49, figs. 13-24; 1885, p. 336, pi. 49, 
figs. 13, 15-24. Lesley, 1889, p. 581, 2 figs. Kin¬ 
dle, 1896, p. 43. Grabau, 1899, p. 257, fig. 175. 
Clarke and Ruedemann, 1903, p. 476. Cleland, 
1903, p. 65. 1911, p. 103, pi. 20, figs. 13, 14. 
Grabau and Shimer, 1909, p. 399, figs. 510k, 1. 
Prosser and Kindle, 1913, p. 239, pi. 26, figs. 
18-21. [?] Willard, 1939, p. 477, etc., pi. 26, fig. 
25. Shimer and Shrock, 1944, p. 377, pi. 146, 
fig. 23. McAlester, 1962a, p. 17. Ellison, 1965, 
p. 128, pi. 15, fig. 7. Bailey, 1975, p. 183, pi. 
13, figs. 1-9, pi. 14, figs. 1-8, pi. 15, figs. 1-4, 
text-figs. 27b-31; 1978a, p. 121. [Not P. fecun¬ 
da (Hall), Pojeta, 1971, pi. 1, figs. 1-8 ( =Cten- 
odonta fecunda (Hall) Ulrich, 1894, 1897, p. 
595; =Nucula ( Tellinomya) fecunda Hall, 1862, 
P. 55).] 

Palaeaneilo [s/c] tenuistriata Hall and Whitfield, 
1869, p. 9. 

Palaeoneilo tenuistriata Hall and Whitfield. Whit¬ 
field and Hovey, 1900, p. 296. 


Fig. 41. European Palaeoneilo Hall and Whitfield as figured by Beushausen (1895). A. “ Ctenodonta ” 
megaptera Beush. (pi. 7, fig. 29). B, C. “C.” maureri Beush. (pi. 7: B—fig. 24, C-fig. 18). D. “C.” 
demigrans Beush. (pi. 6, fig. 1). E, F. “C.” planiformis Beush. (E—pi. 6, fig. 3, F—pi. 7, fig. 5). G. “C.” 
krotonis Roemer in Beush. (p. 5, fig. 25). H. “C.” daleidensis Beush. (pi. 6, fig. 6). I. “C.” primaeva 
Steininger in Beush. (pi. 5, fig. 29). J. “C.” crassa Beush. (pi. 5, fig. 4b). K. “C.” gemuendensis Beush. 
(pi. 5, fig. 26). L. “C.” beushauseni Kegel (=“C.” oehlerti Beush. not Barrois) in Beush. (pi. 7, fig. 2). 
M. “C.” bertkaui Beush. (pi. 6, fig. 17). N. “C.” unioniformis Sandberger in Beush. (pi. 6, fig. 12). All 
figures XI of Beushausen. 
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Palaeoneilo tenuistriata Hall [and Whitfield]. Mil¬ 
ler, 1877, p. 199. Hall, 1883, pi. 49, figs. 1-12; 
1885, p. 336, pi. 49, figs. 1-12, 14, pi. 93, fig. 

13. Lesley, 1889, p. 583, 2 figs. Grabau, 1899, 
p. 257, fig. 174; 1906, p. 330. Clarke and Rue- 
demann, 1903, p. 479. Cleland, 1903, p. 65. 
Grabau and Shimer, 1909, p. 399, fig. 510c. 
Prosser and Kindle, 1913, p. 242, pi. 27, figs. 
7-9. [not] Willard, 1939, p. 477, etc., pi. 26, fig. 
30. McAlester, 1962a, p. 17. Ellison, 1965, p. 
126, pi. 15, fig. 3. Palmer and Brann, 1966, pi. 
15, figs. 7, 8. Bailey, 1975, p. 183; 1978a, p. 
121 . 

t Palaeoneilo cf. plana Hall [and Whitfield]. Cle¬ 
land, 1911, p. 104, pi. 20, figs. 15[?], 16. [Not 
P. plana Hall and Whitfield, 1869, p. 7.] 
Palaeoneilo grandis Butts, 1926, pi. 160, fig. 26. 
t PalaeoneilopulchellaPohX, 1929,p. 37, pi. 4, figs. 
46-51, pi. 5, fig. 1. [=P.fecunda Hall [and Whit¬ 
field]. Cleland, 1911, p. 103, pi. 20, figs. 13- 

14. ] 

t[?] Palaeoneilo milwaukeensis (Cleland). Pohl, 
1929 [in part], pi. 3, fig. 16, figs. 18[?]-25[?] [not 
fig. 17, —Nuculites milwaukeensis Cleland, 
1911]. 

f[??] Ctenodonta bertkaui Beushausen, 1895, p. 
80, pi. 6, fig. 17, pi. 7, fig. 8[?]. [=C. C Palaeo¬ 
neilo) bertkaui Beushausen. Mauz, 1935, p. 54.] 
[See other ref. in Maillieux, 1937, p. 174.] 
t[cf.] Ctenodonta unioniformis Sandberger and 
Sandberger. Beushausen, 1895 [in part], p. 84, 
pi. 6, fig. 12. [=C. ( Palaeoneilo ) unioniformis 
Sandberger. Mauz, 1935, p. 53.] [?Not P. 
unioniformis (Sandberger). Maillieux, 1937, pi. 
10, fig. 11. See other ref. in Maillieux, p. 173.] 
t[?] Ctenodonta ( Palaeoneilo ) beushauseni Kegel, 
1913, p. 72. [= Ctenodonta oehlerti Beushausen, 
1895, p. 82, pi. 7, figs. 1, 2. Not C. oehlerti 
Barrois, 1891, p. 184, pi. 1, fig. 5.] [See other 
ref. in Maillieux, 1937, p. 170, and in Babin, 
1966, p. 78.] 

t[?] Palaeoneilo ? cf. beushauseni Kegel [sic]. Ba¬ 
bin, 1973, p. 45, pi. 1, fig. 8. 
t[?] Ctenodonta moehrkei Dahmer, 1934, p. 59, 
pi. 3, fig. 5; 1936, p. 22, pi. 5, figs. 1, 2. 

Description: Shells thick, medium to large, 
equivalve, strongly to moderately inflated, 
posteriorly elongate. Shape smoothly curv¬ 
ing, ovate; slight, variably developed poste¬ 
rior marginal sinus with faint radial sulcus. 
Umbones low, rising only slightly above hinge 
line, anteriorly placed. 

Prosopon variable. Early growth stages with 
fine to moderately fine, regularly spaced, con¬ 
centric growth lirae (fig. 42D) becoming ir¬ 
regular, variably defined, and progressively 
punctuated with irregular coarse lirae in later 
stages of growth. Shell surface often concen¬ 


trically undulaform or rugose with strong 
growth varices in large adults. Very fine, faint 
radial lineations are variably developed to 
absent. 

Ligament external, opisthodetic, parivin- 
cular; ligamental area bordered by a pair of 
linear insertional grooves. 

Dentition taxodont, hinge plate narrow. As 
many as 40 teeth in the posterior row; as few 
as 10 in the anterior row. All teeth oriented 
with long axes perpendicular to shell dorsal 
margin. Posterior tooth row with two kinds 
of teeth: the first 13 or 14 hindmost teeth are 
large, robust, erect chevronal blades with deep 
intervening sockets; they diminish anteriorly 
and are replaced by finer, shorter, vertical 
teeth with low relief. These are cylindrical, 
often with dorsal, ventral or medial swellings 
resulting in a series of faint dumbbell shapes. 
Anterior tooth row with strong, erect, chev¬ 
ronal teeth and sockets diminishing toward 
the umbones and becoming more cylindrical. 
Beneath the umbones the tooth rows do not 
exactly meet but are visibly offset, the pos¬ 
terior row displaced upward. In the space be¬ 
tween lies a small group of obliquely radiating 
teeth (these are faint—little more than striae) 
occupying a slightly depressed triangular area 
(resilifer?) beneath the umbones where the 
hinge plate noticeably widens. 

Pallial line recessed, more deeply so pos¬ 
teriorly where it is faintly sinupalliate. 

Adductors isomyarian, scars ovoid, placed 
directly beneath the hinge plate near each ex¬ 
tremity. Each scar is more deeply impressed 
along its dorsal circumference, weakly im¬ 
pressed below. An internal mold indicates an 
oblique row of small umbonal muscle pits 
(pedal protractors and anterior pedal retrac¬ 
tors). A long posterior groove beneath the 
hinge plate in each valve (seen in two spec¬ 
imens—not figured) probably represents the 
line of attachment of posterior retractor mus¬ 
cles. 

A broad, short, internal buttress (i.e., in¬ 
cipient septum or clavicle) lying in each valve 
just behind the anterior adductor scar is seen 
inside a left valve and indicated on two in¬ 
ternal molds by a broad notch in the same 
position. 

Original shell microstructure and miner¬ 
alogy unknown. 

Remarks on Morphology: Valves typi¬ 
cally show great shape variability probably 
exaggerated by diagenetic flattening. 





Fig. 42. Palaeoneilo filosa (Conrad). A, B, G. A left valve (AMNH 36233) from AMNH loc. 3017. 
A. Internal view. B. External view. G. Enlargement of hinge. C-E. Articulated specimen (AMNH 36244) 
from AMNH loc. 3012. C. Right valve. D. Dorsal view. E. Left valve. F. Broken left valve interior 
(AMNH 36225) from AMNH loc. 3013. 

Abbreviations: aa anterior adductor scar, lgf—ligamental furrow, pa—posterior adductor scar, r?— 
resilifer? 
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TABLE 8 

Measurements (in Millimeters) of Palaeoneilo 
filosa (Conrad) 


Locality 

Length 

Height 

Width* 

AMNH 3013 

35.2 

20.7 

17.3 


34.6 

20.0 

19.5 

AMNH 3014 

38.0 

24.9 

— 

AMNH 3017 

30.3 

19.4 

18.0 


35.7 

21.7 

18.0 


34.6 

18.9 

14.5* 


32.3 

23.3 

12.4* 


32.0 

20.7 

— 


29.0 

17.9 

15.7 


30.7 

18.8 

- 


a Total width, both valves articulated. 
* Laterally crushed. 


The ligament of Palaeoneilo has been 
poorly known. However, figure 44B, D show 
two weathered, external, opisthodetic liga- 
mental areas (nymphs) with short, close, 
obliquely parallel striations or lamellae. These 
cannot be growth lines which have a near 
tangential orientation along the hinge line. 
Similar striae are seen where the fibrous li- 
gamental layer attaches to the nymph in many 
Recent taxa. Along the posterior outer bor¬ 
ders of the nymph in each valve is a narrow 
groove (suture), probably for the insertion 
of an outer, (?)lamellar or (?)fusion ligamental 
layer. Another groove or furrow is visible be¬ 
tween the nymph and the hinge plate in a left 
valve (Igf in fig. 42G) may also be related to 
ligamental insertion. 

The dentition seen here is roughly similar 
to Hall’s gutta percha impression of a lost 
internal mold of “P. fecunda” (=P. filosa) re¬ 
produced here in figure 40A, B. However, the 
cylindrical shapes of the forward members of 
the gutta percha anterior tooth row do not 
agree with the slightly chevronal teeth (like 
those in fig. 42G) of the internal mold on 
which it was supposedly based (i.e., Hall’s 
1885, pi. 49, figs. 19-21). Nevertheless, Hall’s 
short, oblique tooth row connecting the off¬ 
set, subumbonal terminations of anterior and 
posterior tooth rows do seem verified in Sols- 
ville figure 42G. But here they are faint, not 
so mutually parallel but slightly radiating, and 
set within a shallow, triangular depression 
which seems related to a ventral expansion 


of the hinge plate just below. I earlier (1975) 
speculated that this trigonal depression is a 
resilifer and suggested that superposition of 
it and the small group of radiating teeth has 
perhaps resulted from an ontogenetic change 
from a nonresiliated to a resiliated condition, 
the (?)earlier, partially eradicated denticles on 
the “resilifer” floor serving as loci for later 
insertion of the resilium. However, the prom¬ 
inent external ligament here and apparent lack 
of resilia in other malletiid genera do not 
support a resilifer interpretation of this struc¬ 
ture. But, since near-relatives, the nucula- 
nids, may possess both resilifer and external 
ligament (e.g., see Tebble, 1966, p. 23), such 
an interpretation is not unreasonable. A sec¬ 
ond hinge (fig. 42F) is too poorly preserved 
to settle the question. 

Hall’s (1885) plate 49, figures 19, 20, 24 
show an internal mold with two rows of um- 
bonal accessory scars in a right valve; six in 
the upper row and two in the lower row. His 
left valve, however, shows only four such 
scars. The right Solsville internal mold (fig. 
44H) shows a single row of five scars. 

The posterior marginal embayment, radial 
sulcus, posterior sinuosities in the growth lines 
and posteriorly recessed, faintly sinuous pal- 
lial line suggest extensible siphons in P. filosa. 

Comparisons: I earlier (1975, 1978a) 
placed this Solsville species in Palaeoneilo 
fecunda Hall and Whitfield; I now regard them 
as P. filosa, a species originally described from 
the Upper Devonian (Chemung), near Ithaca, 
New York. Kindle (1896) early noticed the 
similarities of P. filosa and P. fecunda . 
McAlester (1962a) speculated that P. filosa 
would probably prove to be the senior sub¬ 
jective synonym of the P.fecunda-P. tenuis - 
triata group. Conrad’s original drawing (1842, 
pi. 15, fig. 7), like many of his others, is either 
a generalized composite attributable to no 
single specimen or based upon a single spec¬ 
imen now lost (see remarks of McAlester, 
1962a, p. 18; 1968, p. 37). Conrad’s figure 
and Hall’s (1883, 1885) topotypic specimens 
of P. filosa appear to be nothing more than 
smaller growth stages of P. fecunda-P. ten- 
uistriata. P. filosa of Clarke and Swartz (1913) 
is not P. filosa of Conrad and of Hall but 
should be referred to either P. bisulcata Hall 
and Whitfield (see McAlester, 1962a, p. 19) 
or P. angusta Hall and Whitfield. 
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The best Solsville specimens show onto¬ 
genetic loss of prosoponal regularity. Taxo¬ 
nomic confusion naturally results when small 
individuals with regular growth lines are con¬ 
trasted with larger individuals showing nu¬ 
merous irregular lirae and varices. Size dif¬ 
ferences and prosoponal variation combined 
with diagenetically exaggerated shell shapes 
have resulted in the proliferation of several 
probable synonyms: 

1,2. Palaeoneilo fecunda-P. tenuistriata Hall and 
Whitfield. From many of the same localities 
in the Middle Devonian (Hamilton) of New 
York and Maryland. Palaeoneilo fecunda Hall 
and Whitfield is not to be confused with the 
Ordovician P. fecunda (Hall) sensu Pojeta 
(1971) which is a secondary homonym orig¬ 
inally described as Nucula ( Tellinomya ) fe¬ 
cunda by Hall (1862) and later called Cten- 
odonta fecunda by Ulrich (1894, 1897). 

Hall’s (1885) descriptions and figures do not 
adequately delineate P. fecunda Hall and 
Whitfield from P. tenuistriata. McAlester 
(1962a) speculated that the two are synony¬ 
mous. I have examined Hall’s syntypes of both 
P. fecunda Hall and Whitfield (NYSM 2938, 
Hamilton, Skaneateles Lake, New York; 
NYSM 2939-2942, Hamilton, Cumberland, 
Maryland) and P. tenuistriata (NYSM 2954, 
2955, 2958, Hamilton, Skaneateles Lake, New 
York; NYSM 2956, 2957, Hamilton, Pratt’s 
Falls, New York; AMNH 5300, Hamilton, 
various localities, New York). The shape and 
prosopon in the syntypes are variable, and 
both sets broadly overlap or intergrade mor¬ 
phologically. The Solsville material compares 
favorably with either set. Some differences ex¬ 
ist—e.g., a specimen in AMNH lot 5300, P. 
tenuistriata, Pratt’s Falls, Onondaga County, 
New York (fig. by Hall, 1885, pi. 49, figs. 2, 
3) shows finer, more regular growth lines and 
a less undulaform shell—but these differences 
are not marked. Among other specimens in 
the same lot, the dentition and single row of 
five umbonal muscles are similar to the Sols¬ 
ville specimens; the dentition is also similar 
to Hall’s (1885, pi. 49, figs. 19-21) P. fecunda 
(whereabouts of this syntype unknown). 

Solsville P. filosa are also closely similar to 
several lots of specimens in the USNM col¬ 
lections including: 

USNM (uncatalogued) Palaeoneilo. Ham¬ 
ilton (Delphi). On U.S. 20, 1 l A mi E. of Pom- 
pey Center, New York (see fig. 45F, G, J). 

USNM 101791 P. tenuistriata. Hamilton 
(Ludlowville), Kashong Creek, New York. 




Fig. 43. Pedal musculature reconstruction in 
two Solsville nuculanaceans. A. Palaeoneilo filosa 
(Conrad). B. Nuculites oblongatus Conrad. Based 
on muscle scars observed here in homology to 
Recent Yoldia Moller (compare with fig. 3IB of 
Cox et al., p. N30, in Moore, 1969). 

Abbreviations: apr—anterior pedal retractor, 
pp—pedal retractor, ppr—posterior pedal retrac¬ 
tor. 


USNM 101793 P. tenuistriata. Hamilton 
(Moscow), Cayuga Lake, New York (see fig. 
45L). 

USNM 101835 P. tenuistriata. Hamilton 
(Ludlowville), Elma, New York. 

USNM 10935 P. tenuistriata. Hamilton, 
Cayuga Lake, New York. 

USNM (uncatalogued) P. tenuistriata. 
Hamilton (Ludlowville), Eighteen Mile Creek, 
New York. 

Solsville P. filosa were statistically com¬ 
pared with USNM specimens above and with 
published dimensions of P. fecunda from Hall 
(1885) and Prosser and Kindle (1913) in Bai¬ 
ley (1975, text-fig. 29). Although the differ¬ 
ences in slopes and y-intercepts of the regres¬ 
sion lines are obvious, these differences are 
more apparent than real since: (1) too few 
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Fig. 44. A-N. Palaeoneilofilosa (Conrad). A, B. Articulated specimen (AMNH 36229) from AMNH 
loc. 3013. A. Right valve. B. Dorsal view. C, D. Articulated specimen (AMNH 36230) from AMNH 
loc. 3017. C. Left valve. D. Dorsal view. E. Right valve of articulated specimen with internal mold 
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specimens were available for a valid statistical 
sample; (2) the available USNM individuals 
are unfortunately from various Hamilton for¬ 
mations; (3) diagenetic differences among the 
specimens are evident; (4) only relatively large 
specimens were found among the Solsville 
samples; (5) the species commonly shows 
broad inherent variability. 

3. Palaeoneilo cf. plana Hall [and Whitfield] of 
Cleland, 1911. Middle Devonian, Berthelet, 
Wisconsin. A probable synonym, at least in 
part. One of Cleland’s figured specimens is a 
right (?)composite or internal mold with the 
outline of P. filosa', his other figured specimen 
is a better preserved right valve with shape 
and prosopon identical with P. filosa. Hinge 
unknown. 

4. Palaeoneilo grandis Butts, 1926. Lower De¬ 
vonian (Onesquethawan) Frog Mountain 
Sandstone, Odenville, Alabama. A probable 
synonym. Portions of a syntype and plasto- 
cotype (fig. 44M, O) show a size and shape 
similar to the moderately regular, undulaform 
varieties of Solsville P. filosa and P. fecunda 
(cf. AMNH 5300 fig. by Hall, 1885, pi. 49, 
figs. 2, 3). Compare with figure 44F, G of the 
present paper. Butts’s other syntype (fig. 44N) 
is a fragment of an internal mold with partial 
hinge too incompletely preserved for identi¬ 
fication. 

5. Palaeoneilopulchella Pohl, 1929. Middle De¬ 
vonian Milwaukee Formation, Wisconsin. 
Cleland (1911) called the types of this species 
P. fecunda Hall and Whitfield. Pohl’s pho¬ 
tographs show the shell shape, prosopon, 
hinge, and internal mold. There is no basis 
for regarding this as a separate species. 

6. Palaeoneilo milwaukeensis (Cleland) of Pohl, 
1929 (in part). Middle Devonian Milwaukee 
Formation, Wisconsin (not Nuculites milwau¬ 
keensis Cleland). Several figured specimens of 
P. milwaukeensis, sensu Pohl are likely to be 
P. filosa, especially his plate 3, figure 16. Oth¬ 
ers are diagenetically deformed and too poorly 
preserved for confirmation. 

7. “ Ctenodontd ” bertkaui Beushausen (1895). 


Lower Devonian (Siegenian-Emsian), Ger¬ 
many and Belgium. Hinge taxodont; interior 
unknown. Lectotype, designated by Mauz 
(1935), is Beushausen’s plate 6, figure 17. Of 
Beushausen’s two figured specimens, the lec¬ 
totype (reproduced here as fig. 41M) suggests 
P. filosa but the drawing is not clear enough 
to be certain. 

8. “ Ctenodonta ” beushauseni Kegel (1913). 
Originally described as C. oehlerti Beushau¬ 
sen (1895), a primary homonym of C. oehlerti 
Barrois (1891). Lower Devonian (Siegenian- 
Emsian) of Germany, Belgium and France. 
Mauz (1935) designated Beushausen’s plate 7, 
figure 2 as the lectotype. Hinge and interior 
unknown. Of Beushausen’s two figured spec¬ 
imens, the lectotype is most like P. filosa. It 
shows similar outline and growth lines; the 
same posterior marginal sinus is visible in the 
prosopon. 

9. “ Ctenodontd ” unioniformis Sandberger and 
Sandberger (1856). Lower Devonian (Siegen¬ 
ian-Emsian), Germany and Belgium. Mauz 
(1935) designated plate 29, figure 2, of Sand¬ 
berger and Sandberger as lectotype. Hinge tax¬ 
odont. Large palaeoneilos with sharply de¬ 
fined prosopon; probably a valid but closely 
related species. One individual figured by 
Beushausen (reproduced here as fig. 4IN) 
closely approaches the prosopon and shape of 
P. filosa seen in figure 42E. Maillieux’s (1937, 
pi. 10, fig. 11) photograph shows a modioloid 
or modiomorphoid shell shape and may not 
be this species. 

10. “ Ctenodontd ” moehrkei Dahmer, 1936. Low¬ 
er Devonian (Siegenian), Germany. Speci¬ 
mens with form and prosopon identical to 
Solsville P. filosa but larger. Aside from the 
size differences, the similarities seem con¬ 
vincing. Conspecific or very closely related. 

Autecology: Nuculites and Palaeoneilo 
are encountered in both Solsville facies. A 
single specimen of P. constricta was found in 
the arenaceous facies, and one specimen of 
N. triqueter was located in each of the facies. 


(AMNH 36226) from AMNH loc. 3017. F, G. Lightly flattened articulated specimen (USNM uncata¬ 
logued), Hamilton (Delphi), Pompey Center, New York. F. Left valve. G. Right valve. H. Right internal 
mold (AMNH 36227) from AMNH loc. 3017. J. Left valve (USNM uncatalogued), Hamilton (Delphi), 
Pompey Center, New York. K. Partial right valve interior (AMNH 36228) from AMNH loc. 3013. L. 
Left valve (USNM 101793), Hamilton (Moscow), Cayuga Lake, New York. M-O. “P. grandis ” Butts 
( = P■ filosa ). M. Syntype. External mold. N. Syntype. Partial internal mold. O. Plastocotype. Plastic cast 
of M. P. Palaeoneilo constricta (Conrad). Right valve (AMNH 36232) from AMNH loc. 3013. 

Abbreviations: aa—anterior adductor scar, apr—anterior pedal retractor scar, cm—incipient clavicle 
(septum) mold, lga—ligamental area (nymph), pa—posterior adductor scar, pp—pedal protractor scar, 
ps—pallial sinus. 
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Palaeoneilofilosa and N. oblongatus inhab¬ 
ited both facies; however, they are consider¬ 
ably more abundant in the argillites in as¬ 
sociation with Nuculoidea indicating a 
preference typical of deposit feeders for soft¬ 
er, finer grained substrates. 

Figures 5 and 6 show possible life positions 
in Palaeoneilo and Nuculites somewhat like 
those shown by Bowen, Rhoads, and Mc- 
Alester (1974, fig. 11) for the same genera 
and by Thayer (1974, fig. 18G) and Levinton 
and Bambach (1975, figs. 11, 12) for Nucu¬ 
lites. Fairly similar life orientations are shown 
by Stanley (1970, pi. 2) in the Recent nucu- 
lanaceans Yoldia limatula (Say) and Y. per- 
protracta Dali, with the valves entirely buried 
in the mud, posterior extremity upward, the 
extensible siphons protruding slightly from 
the substrate. 

The heavy shell with coarse prosoponal 
elements and wide, subcircular cross-section 
in unflattened P. filosa specimens suggest 
sluggish, shallow burrowing habits. Nuculites 
oblongatus was probably a rapid, more deep¬ 
ly burrowing species as evidenced by the long, 
Solen- like shells. The narrow cross-sections 
and smooth prosopon would enable this 
species to penetrate the sediments quickly 
with minimal resistance. The shells of P. con- 
stricta and N. triqueter are intermediate in 
inflation suggesting burrowing rapidity some¬ 
where between P. filosa and N. oblongatus. 
The tall umbones and inflated shells of N. 
triqueter are convergent on those of the Nu- 
culidae, perhaps indicating similar shallow 
infaunal life positions (see Stanley, 1970). 

The development of extensible siphons in 
P. filosa , P. constricta, and N. oblongatus is 
supported by the posterior elongation of the 
shell and sinuous pallial line moderately to 
deeply recessed from the posterior shell mar¬ 
gins. Among these nuculanaceans, however, 
the pallial line is only faintly sinuous in con¬ 
trast to the deeply embayed pallial sinus of 
Recent Yoldia. This suggests that the siphons 
of the fossil forms were proportionately 
shorter; hence they were probably shallow 
burrowers. Given the weaker pallial sinus in 
some P. constricta figured in the literature, 
its siphons were perhaps even shorter sug¬ 
gesting very shallow burial. Reliable pallial 
line data on N. triqueter is lacking. 

It is likely that the near vertical shell pos¬ 


ture (anteroposterior axis normal to sedi¬ 
ment/water interface), shown here in figures 
5 and 6 and the figures of Bowen, Rhoads, 
and McAlester (1974) and Thayer (1974), was 
not consistently maintained. Although steep 
shell angles are common for Recent taxa such 
as Y. limatula and Y. perprotracta in their 
native muds, the anteroposterior axis is often 
less than 40° and 30° respectively from the 
horizontal in aquaria (Stanley, 1970). Dor- 
soventral flattening of some probably in situ 
specimens of P. filosa with articulated valves 
suggest that often the anteroposterior axis may 
have likewise been oriented at some low an¬ 
gle near the horizontal. Several transversely 
flattened, articulated N. oblongatus and P. 
filosa were found reclining laterally. These 
may also be life positions since Stanley (1970) 
showed that members of the Nuculidae (e.g., 
Nucula proximo) occasionally depart from an 
upright orientation, adopting a reclining pose 
on either valve. 

The P. constricta specimen is a disarticu¬ 
lated right valve, probably not in situ and, 
hence, provides no direct data on life posi¬ 
tion. Nevertheless, life position of this species 
was probably somewhat different from P. fi¬ 
losa since the posterior marginal embayment 
and radial sulcus are more ventrally placed 
in the former than in the latter. Because the 
embayment is a manifestation of the siphonal 
position, a much steeper growth position 
(anteroposterior axis near vertical) would be 
necessary in P. constricta to allow the short 
siphons to reach the substrate surface. 

SUBCLASS ANOMALODESMATA DALL, 1889 
ORDER PHOLADOMYOIDA NEWELL, 1965 
SUPERFAMILY PHOLADOMYACEA GRAY, 1847 
FAMILY GRAMMYSIIDAE MILLER, 1877 
(=SANGUINOLITIDAE MILLER, 1877) 
GENUS GRAMMYSIOIDEA 
WILLIAMS AND BREGER, 1916 

Type Species: Grammysia ( Grammysioi- 
dea ) princiana Williams and Breger (1916) 
by original designation from the Lower De¬ 
vonian Moose River Sandstone, Maine. 

Generic Usage: Grammysia and Gram- 
mysioidea include many large, thin-shelled 
species of variable shape with coarsely con¬ 
centric prosoponal corrugations. Grammy- 
sioidea was originally proposed as a subgenus 
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of Grammysia de Vemeuil for species lacking 
radial prosoponal cinctures, while Gram¬ 
mysia, sensu stricto was reserved for species 
with either one or two cinctures. Although 
McAlester (1962a) suggested raising Gram¬ 
my sioidea to generic rank, Shimer and Shrock 
(1944) had already done so using Williams’s 
and Breger’s criteria as the basis for their di¬ 
agnosis. McAlester (1962a) rejected these cri¬ 
teria noting they would effectively place 
closely related species such as Grammysia 
arcuata and G. subarcuata into separate gen¬ 
era. And, since a single cincture may be var¬ 
iably developed to absent within certain 
species, variants of the same population 
would likewise be genetically subdivided. 
McAlester therefore tentatively redefined 
these genera pending a needed revision of the 
Grammysiidae, confining Grammysia to 
doubly cinctured species and Grammysioi- 
dea to singly cinctured or noncinctured forms. 
His diagnosis was accepted by later authors 
(e.g., Newell and LaRocque in Moore, 1969) 
and Runnegar (1974). But, Newell and Run- 
negar (1974) and Runnegar (1974) added that 
the external opisthodetic ligament in Gram- 
mysioidea characteristically splits anteriorly 
during growth, and the lunule is not as well 
defined as in Grammysia . 

In support of the generic distinctiveness of 
Grammysia and Grammysioidea, McAlester 
(1962a) attempted to supply evidence that 
the two represent separate Middle-Upper De¬ 
vonian phyletic lineages. In Grammysioidea, 
he stated, the Middle Devonian species (e.g., 
G. arcuata, G. alveata, etc.) were smooth, a 
single cincture first appearing among other¬ 
wise similar species (e.g., G. subarcuata) in 
the Upper Devonian. In Grammysia, he fur¬ 
ther noted, doubly cinctured species range 
from Middle Devonian to Upper Devonian 
rocks where they diminish in abundance and 
diversity. It is evident, however, that these 
supposedly separate lineages cannot be as 
neatly parceled as McAlester suggested. Bam- 
bach (1971), for example, described an early 
singly cinctured species, Grammysioidea ob- 
liqua (McCoy) 4 from the late Silurian Stone- 
house Formation, Arisaig, Nova Scotia. 

4 Bambach called it Grammysia obliqua . The species 
is here placed in Grammysioidea because of its single 
cincture. 


Moreover, Maillieux (1937) described both 
singly and doubly cinctured species from the 
Lower Devonian of Europe. Finally, a singly 
cinctured species, Grammysioidea cf. ellip- 
tica, is here reported from the Solsville. 

Grammysioidea alveata (Conrad), 1841 
Figures 5A, 45A-F 

Posidonia alveata Conrad, 1841, p. 53. 
Grammysia alveata (Conrad). Hall and Whitfield, 
1869, p. 55. Miller, 1877, p. 192. Hall, 1883, 
pi. 57, figs. 1, 2, pi. 60, figs. 1-11; 1885, p. 370, 
pi. 57, figs. 1, 2, pi. 60, figs. 1-11. Whitfield and 
Hovey, 1900, p. 278. Clarke and Ruedemann, 
1903, p. 395. Grabau, 1906, pp. 221, 331, fig. 
172. Grabau and Shimer, 1909, p. 381, fig. 487. 
Cooper, 1930, p. 134. Bambach, 1971, p. 181, 
tab. 1. 

Grammysia ( Grammysioidea) alveata (Conrad). 

Williams and Breger, 1916, p. 134. 
Grammysioidea alveata (Conrad). Shimer and 
Shrock, 1944, p. 371, pi. 144, fig. 22. McAlester, 
1962a, p. 59. [?] Ellison, 1965, p. 118, pi. 14, 
fig. 8. Bailey, 1975, p. 87, pi. 9, figs. 1^1, 6, 7. 
Grammysia lirata Hall and Whitfield, 1869, p. 57. 

Whitfield and Hovey, 1900, p. 278. 
Grammysia lirata Hall [and Whitfield]. Miller, 
1877, p. 192. Hall, 1883, pi. 59, figs. 6-12; 1885, 
p. 371, pi. 59, figs. 6-12. Clarke and Ruede¬ 
mann, 1903, p. 401. 

Grammysia ( Grammysioidea ) lirata [Hall and 
Whitfield]. Williams and Breger, 1916, p. 134. 
t[?] Grammysia subarcuata Hall and Whitfield. 

Kindle, 1901, p. 684, pi. 15, fig. 3. 
f[?] Grammysia sylvaniensis Wilson, 1975, p. 145, 
pi. 72, figs. 1-3, pi. 121, figs. 1-3. 

Description: Shells large to medium, pos¬ 
teriorly elongate, equivalve, strongly inequi¬ 
lateral. Outline variably ovoid and fusiform 
except for abruptly truncate anterior margin. 
A posterodorsal flange or slight alation was 
evidently present but is broken away. Valves 
smoothly convex, strongly inflated; maxi¬ 
mum inflation attained anterodorsally in the 
medial region of the umbones, decreasing 
abruptly upwards and gradually below, pro¬ 
ducing a cordate cross-sectional outline. Ven¬ 
tral margin smoothly curving, nonsinuate, 
with a prominent rudder-like anteroventral 
expansion. Articulated specimens show 
valves closely appressed anterodorsally, an¬ 
teriorly, and ventrally. No byssal gape. 

Prosopon concentric consisting of (1) very 
fine, obscure to obsolescent growth lines be¬ 
coming ventrally more pronounced, and (2) 
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TABLE 9 

Measurements (in Millimeters) of 
Grammysioidea alveata (Conrad) 


Locality 

Length 

Height 

Width" 

AMNH 3012 

— 

27* 

28.8 

AMNH 3013 

39.4 

26.9 

28.8 


35* 

27.5 

26.7 


45.7 

27.8 

28.4 


* Total width, both valves articulated. 
b Original dimensions inferred; specimen broken. 


prominent, regular, coarse corrugations (pli¬ 
cae). Plicae are best defined anteriorly where 
the spacing is close; posteriorly and dorsally 
they are more widely separated, becoming 
poorly defined to obsolescent. No radial ele¬ 
ments, cinctures, or sulci observed. 

Lunular area prominent, cordate but not 
distinctly limited. Escutcheon large and 
prominent, occupying much of the dorsal 
margin and encompassed by two fine, closely 
parallel escutcheonal grooves. 

A short, opisthodetic, barrel-shaped cal¬ 
cified ligament is preserved in four speci¬ 
mens. Behind the ligament the valves are vis¬ 
ibly gaping. Hinge probably edentulous. 
Beneath and extending briefly behind the lig¬ 
ament is a narrow, thick plate (nymph?) with 
a narrow anteroposterior ligamental(?) groove 
in each valve. 

Recrystallized shell remnants over much 
of the valve surfaces show that the original 
valves were extremely thin and fragile. They 
further indicate that the concentric proso- 
ponal corrugations were plicae, i.e., expressed 
on both outer and inner shell surfaces. Other 
internal features not observed. 

Original shell microstructure and miner¬ 
alogy unknown. 

Remarks on Morphology: A similar bar¬ 
rel-shaped calcified ligament was observed 
by Bambach (1971) in Silurian Grammy¬ 
sioidea obliqua. As noted above the valves in 
G. alveata are narrowly gaping just behind 
the ligament. This is not completely apparent 
in my figures since the space between the 
valves is matrix filled. I regard the dorsal gape 
as natural since an articulated specimen (fig. 
45A, B) shows the valves to be closely ap- 
pressed elsewhere along the commissure (ex¬ 


cept in the extreme dorsoposterior region 
where the shells are incomplete). The gape 
probably widened posteriorly into a perma¬ 
nent, posterodorsal, siphonal gape which was 
probably emphasized by posterodorsal, com¬ 
missural flanges, here broken away. A similar 
dorsal gape was described in G. obliqua by 
Bambach who suggested that it may have been 
covered in life by a periostracal sheath for a 
short distance behind the ligament. Bambach 
further described a distinct byssal gape in his 
Silurian species. However, no such gape is 
present here; in two articulated specimens the 
valves are closely appressed in the byssal re¬ 
gion. 

Both Grammysia and Grammysioidea are 
regarded as edentulous (Newell and La- 
Rocque in Moore, 1969; Runnegar and New¬ 
ell, 1974; Runnegar, 1974). An edentulous 
hinge in Grammysia is clearly evident in fig¬ 
ure 9G of Runnegar and Newell’s study. The 
thickened, singly grooved plates along the 
hinge in G. alveata might be regarded as la¬ 
mellar teeth. However, since these plates were 
not in mutual contact during life because of 
the dorsal gape, such an interpretation is un¬ 
likely. A clearer understanding of the hinge 
may be gained from the specimen shown in 
figure 45C. Much of the ligament is absent 
in this individual; evidently it was only weak¬ 
ly calcified in this case. Because of its absence, 
however, the pair of grooved plates below are 
exposed. It is evident that the edges of the 
ligament inserted into the grooves of the plates 
which might more properly be called nymphs. 
Moreover, since these nymphs are longer 
than the calcified ligaments seen in three oth¬ 
er specimens, it seems probable that the por¬ 
tions of the nymphs behind the calcified lig¬ 
ament represent the position of insertion for 
noncalcified ligamental and periostracal tis¬ 
sues. 

Hall (1885, p. 366, pi. 58, figs. 6, 12) de¬ 
scribed and figured a “thickened hinge plate 
bearing a single angular fold beneath the beak” 
in Grammysioidea elliptica (Hall and Whit¬ 
field). His figure 6, which has been diagenet- 
ically compressed judging from the sharp 
crease along the umbo, shows a short ridge 
below in the ligamental position. Although it 
superficially resembles a lamellar tooth, it is 
probably the flattened remains of the calcified 
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Fig. 45. A-F. Grammysioidea alveata (Conrad). A, B. Articulated specimen (AMNH 36197) from 
AMNH loc. 3013. A. Dorsal view. B. Left valve. C, D. Articulated specimen (AMNH 36200) from 
AMNH loc 3013. C. Dorsal view. D. Right valve. E. Articulated specimen, dorsal view (AMNH 36198) 
from AMNH loc. 3013. F. Dorsal view of gaping articulated specimen (AMNH 36199) from AMNH 
loc. 3012. G. Grammysioidea cf. elliptica (Hall and Whitfield). Distorted articulated specimen (AMNH 
36201) from AMNH loc. 3013. 

Abbreviations: c—cincture, dg—dorsal gape, lg—ligament, n—nymph. 


ligament. His figure 12 showing a broad, an¬ 
terior cuneiform “tooth” is more difficult to 
interpret. 

The interior morphologies of most species 
of both Grammysia and Grammysioidea are 
poorly known. Bambach (1971) reported ver¬ 
ification by Runnegar of the morphology of 


an internal mold of Grammysia circularis Hall 
and Whitfield (from the Hamilton of New 
York) as figured by Hall (1885, pi. 57, fig. 4) 
the salient features of which are reproduced 
in Bambach’s figure 7B and in figure 6B of 
Runnegar (1974). This anisomyarian speci¬ 
men (AMNH and YPM 5328/2) shows a 


X 1.3 


XI .3 


XI.3 


XI .3 
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large, lobate posterior adductor scar with in¬ 
dications of small pedal or byssal/pedal re¬ 
tractor musculature above the adductors and 
a simple pallial line which anteriorly degen¬ 
erates into a series of small elongated pits 
resembling short striae. The intrapallial area 
is marked by numerous pallial punctae. An 
internal mold with essentially similar adduc¬ 
tor and pallial features is shown by Prosser 
and Kindle (1913, pi. 23, figs. 1, 2) in another 
Hamilton G. circularis specimen. Both spec¬ 
imens show that the radial cinctures and pro- 
soponal corrugations are expressed on the in¬ 
ner shell surfaces and, hence, are plicae. 

Further data on grammysiid internal mor¬ 
phology are supplied by the internal mold 
designated Grammysia marginata Goldfuss 
figured by Beushausen (1895, pi. 23, fig. 1, 
la). The specimen, again, is strongly aniso- 
myarian. However, the large posterior ad¬ 
ductor scar is uniformly circular showing no 
lobation or extensions associated with the 
posterior byssal/pedal retractor scars as sug¬ 
gested by the figures of Runnegar and of Bam- 
bach. The mold is integripalliate and the pal¬ 
lial line, as before, is formed by a series of 
elongated pallial muscle pits. Anomalously, 
however, Beushausen’s figure shows a double 
row of these, at least in the anteroventral re¬ 
gion. The mold also shows two long radial 
ridges, an inner expression of the twin radial 
cinctures characterizing genus Grammysia. 

The shell microstructure and mineralogy 
of the Grammysiidae are virtually unknown. 
However, a Pennsylvanian grammysiid from 
Oklahoma described by Bailey and Sandberg 
(1979, 1980, and ms) has an aragonitic shell 
with microstructure very similar to that of 
Recent Pholadomya, thus confirming past 
classification of the extinct grammysiids 
among the Pholadomyacea. It consists of an 
inner layer of sheet nacre and an outer layer 
of steplike “treppen nacre” (cf. Taylor, Ken¬ 
nedy, and Hall, 1973, pi. 12, fig. 4); but the 
thin outermost prismatic layer reported in 
Pholadomya is lacking. 

Comparisons: As indicated by Newell and 
LaRocque (in Moore, 1969) the grammysiids 
probably constitute a heterogeneous, some¬ 
what artificial grouping which, as McAlester 
(1962a) stated, are in need of extensive re¬ 
vision. Therefore assignment of these Sols- 
ville specimens to Grammysioidea alveata is, 


at best, somewhat tenuous since this species 
may eventually prove to be conspecific with 
certain other species of genus Grammysioi¬ 
dea which, McAlester indicated, is com¬ 
prised of the following forms: G. alveata , G. 
arcuata, G. subarcuata , G. communis , G. un¬ 
data , G. duplicata , G. hannibalensis, and G. 
plena. Bambach (1971) speculated that G. su¬ 
barcuata is a subspecies of G. arcuata. Com¬ 
parisons are difficult since grammysiids ex¬ 
hibit an altogether remarkable degree of 
variation often aggravated by extreme dia- 
genetic distortion. Due to their large, thin 
shells, grammysiids seem consistently among 
the most severely distorted of the bivalve taxa 
found among the faunas I have examined. 
Before most species differences can be seri¬ 
ously considered, natural variation and dia- 
genetic effects among type materials must be 
more closely studied. 

Somewhat tentative assignment of these 
Solsville grammysiids to G. alveata is based 
upon (1) lack of any radial cincture; (2) elon¬ 
gate form similar to G. alveata of Hall (1885, 
pi. 57, figs. 1 and especially 2; pi. 60, figs. 2, 
8, 9); and (3) strong reduction or absence of 
the concentric prosoponal corrugations on the 
posterodorsal slope. But Hall’s (1885) spec¬ 
imens of G. alveata from the Hamilton of 
Schoharie and Otsego counties and eastern 
New York are considerably larger than these 
Solsville grammysiids which compare di¬ 
mensionally to Hall’s Grammysioidea arcu¬ 
ata (Conrad) from the Hamilton shales of 
Schoharie County and central and western 
New York as well as above the “Comiferous 
Limestone” (=Jeffersonville Limestone; see 
Sutton and Sutton, 1937), of southern In¬ 
diana and northern Kentucky. Furthermore, 
these Solsville specimens are substantially 
similar to one specimen Hall (1885, pi. 93, 
fig. 27) perhaps mistakenly attributed to G. 
arcuata. 

Hall (1885) stated that G. alveata differs 
from G. arcuata in its more erect form ( G. 
arcuata was described as having a more elon¬ 
gated, more rounded posterior extremity) and 
the absence of the concentric corrugations on 
the posterior umbonal slope. The Solsville 
species appears to be close to G. arcuata in 
the variable properties of shape and size, but, 
significantly, it exhibits the prosopon of G. 
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alveata, sensu stricto. Both G. arcuata and G. 
alveata are probably very closely linked. 

Other species which show some measure 
of similarity include: 

1. “Grammysia subarcuata Hall?” of Kindle 
(1901). Middle Devonian (Sellersburg), south¬ 
ern Indiana. Hall and Whitfield (1869) reported 
G. arcuata above the Jeffersonville Limestone. 
Kindle could not find that species in his study 
of the Middle Devonian of southern Indiana 
in the beds Hall and Whitfield mentioned. 
Nevertheless, he did recover a single, broken 
specimen which he tentatively assigned to G. 
subarcuata. His drawing (1901, pi. 15, fig. 3) 
shows strong similarities to Solsville figure 4 5 A, 
B. Indeed, greater agreement is apparent here 
than any other published illustrations I have 
examined. Although he mentioned a faint, ra¬ 
dial cincture, it is not visible in his drawing. It 
is possible that he was confusing the escutch- 
eonal grooves with the radial cinctures. The 
specimen is not G. subarcuata which is a species 
of Grammysioidea bearing a prominent cinc¬ 
ture recognized only in the Upper Devonian 
by McAlester (1962a, 1963a). 

2. Grammysia lirata Hall and Whitfield (1869). 
Middle Devonian (Hamilton), New York. A 
junior synonym of G. alveata. Even though the 
prosoponal corrugations are often more con¬ 
tinuous across the posterior umbonal slope in 
G. lirata. Hall (1885) considered it to be merely 
the juvenile stages of G. alveata. This view is 
supported by (1) the greater posterior conti¬ 
nuity of the corrugations in the earlier onto¬ 
genetic stages of Solsville G. alveata (see fig. 
45A, C, E, F), and (2), as Hall noted, by the 
occurrence of G. lirata in all of the same lo¬ 
calities he cited for G. alveata. 

3. Grammysia gibbosa Hall and Whitfield of Net- 
tleroth (1889). Middle Devonian (Sellersburg), 
southern Indiana, and northern Kentucky. A 
possible candidate for synonymy, but Nettle- 
roth’s drawings are too stylized for serious com¬ 
parisons. Nettleroth mentioned a broad, radial 
cincture not apparent in his drawings. Needs 
restudy. 

4. Grammysia sylvaniensis Wilson, 1975. Middle 
Devonian (Silica Formation), Ohio. Wilson’s 
figured specimens are diagenetically distorted, 
but his plate 72, figures 1 and 3 show the same 
general shape, the posteriorly diminishing pro¬ 
soponal corrugations and obsolescent or miss¬ 
ing cincture seen here in figure 45B. A probable 
synonym. 

Autecology: One of the four figured spec¬ 
imens was recovered from the argillaceous 
facies of the vertical road cut at AMNH loc. 


3012, whereas the three other specimens, col¬ 
lected by Rollins from AMNH loc. 3013, ap¬ 
pear to have been derived from the same 
facies judging from the associated matrix. 
Hence, it seems probable that this species 
preferred the soft substrata of low energy 
waters where the thin shell would remain 
sheltered from turbulence. The extreme in¬ 
flation and thinness of the shells effectively 
increased their buoyancy in thixotropic muds. 
Further positional stability was provided by 
the dorsal placement of maximum shell width 
(producing a shape remarkably like the hull 
of a ship) as Stanley (1970) noted in char¬ 
acteristically semi-infaunal forms such as 
Modiolus modiolus , M. americanus , and M. 
demissus. The rudder-like, anteroventral shell 
expansion may have aided in lateral stabili¬ 
zation. 

The concentric prosoponal corrugations, as 
noted, predominantly cover the anterior and 
ventral portions of the valves in contrast to 
the smoother, posterior and dorsal shell sur¬ 
faces. The differential development of the 
corrugations is perhaps associated with the 
need for anterior and ventral gripping sur¬ 
faces (Bambach, 1971) for shell stabilization 
in soft sediments. Similar ventrally pro¬ 
nounced corrugations have been noted by 
Stanley (1970) in Recent semi-infaunal and 
infaunal bivalve taxa inhabiting soft sedi¬ 
ments where suspensory requirements are 
great. Another possible function of the cor¬ 
rugations will be suggested later. 

Bambach (1971, p. 170) convincingly es¬ 
tablished the life position of G. obliqua ; 74 
percent of the specimens he examined in situ 
were oriented “ with the plane of commissure 
at right angles to bedding and the anteropos¬ 
terior length inclined 30° to 45° to bedding, 
anterior end down.” These observations, shell 
shape data, probable lack of extensible si¬ 
phons (as judged from integripalliate internal 
molds of grammysiids), permanent postero- 
dorsal gape, and manifestations of a byssal 
apparatus provide compelling evidence that 
the grammysiids were endobyssate, semi-in¬ 
faunal filter feeders. Bambach indicated that 
the permanent posterodorsal gape must have 
remained exposed in life since sedimentary 
infilling of the shell would block respiratory 
water currents if the grammysiids were com¬ 
pletely buried. Reconstructed life positions 
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of grammysiids are shown here in figure 5 
(see also Bambach, 1971, fig. 11; Stanley, 
1972, text-fig. 32; and Thayer, 1974, fig. 18E, 
G). 

Bambach (1971), Stanley (1972), and oth¬ 
ers (e.g., Yonge, 1953; Pojeta, 1966, 1971) 
have demonstrated that the anisomyarian 
condition, as seen here among the grammy¬ 
siids, strongly suggests byssal attachment. 
Furthermore, as Bambach has also indicated, 
lobation of the large posterior adductor scar 
of grammysiid internal molds implies pos¬ 
terior byssal retractor musculature. Addi¬ 
tionally, Bambach noted an anteroventral 
byssal gape in G. obliqua , a feature seen nei¬ 
ther in the Solsville specimens nor in several 
other articulated grammysiids figured by Hall 
(1885, including Grammysia nodocostata, pi. 
55, fig. 1; Grammysioidea alveata, pi. 57, fig. 
2, pi. 60, figs. 3, 10; Grammysia obsoleta, pi. 
59, fig. 22; and Grammysioidea arcuata, pi. 
61, fig. 7). Hence, it appears that a byssal gape 
was not very common among Devonian 
grammysiids though most were probably 
byssate. 

One debatable aspect of the grammysiid 
mode of life is the mobility of the shells. Bam¬ 
bach (1971) reckoned that, except in the 
youngest individuals, calcification of the lig¬ 
ament in G. obliqua caused it to lose its nor¬ 
mal spring function; instead it served solely 
for shell articulation, maintaining the shells 
tightly closed and immobile. This, he rea¬ 
soned, would not be an impairment since per¬ 
manent byssal and siphonal gapes were pres¬ 
ent. His conclusions were based largely on 
the perfect articulation and ventral apposi¬ 
tion of all individuals except a juvenile whose 
valves were “butterflied” (i.e., sprung open 
widely but still dorsally attached). Bambach’s 
conclusions probably do not apply to gram¬ 
mysiids in general for the following reasons: 
(1) Numerous specimens of various Solsville 
bivalve species were found in assorted atti¬ 
tudes though often near their original life po¬ 
sitions. In spite of these varied orientations, 
the large percentage are found articulated with 
valves in near perfect ventral apposition. This 
fact, however, cannot be used to reasonably 
argue that these diverse taxa were all incap¬ 
able of opening their shells. In most cases the 
closed valves are here the result of sedimen¬ 
tary compaction. (2) Although G. obliqua 
possesses a byssal gape and would therefore 


require no ability to open the valves, byssal 
gape among many other grammysiids is lack¬ 
ing. If we are to reasonably assume that most 
were byssally attached, then at least some 
ability to open the valves seems necessary for 
byssal adjustment. (3) In several grammy¬ 
siids figured by Hall (1885), the valves are 
“butterflied” indicating that the valves nat¬ 
urally opened at death (e.g., see Hall’s figures 
of Grammysia bisulcata , pi. 54, figs. 10, 14, 
15, 16; Grammysia circularise pi. 57, fig. 3; 
Grammysioidea obsoleta , pi. 59, fig. 25; 
Grammysioidea globbosa, pi. 62, figs. 16-19). 
Most of these specimens appear to be large 
and could not be reasonably argued to be 
juvenile. Such ligamental elasticity could 
therefore not have been a solely juvenile con¬ 
dition among these grammysiids. Further¬ 
more, although three specimens of G. alveata 
figured here have their valves closed, in a 
fourth undoubtedly an adult (fig. 45F), the 
valves are “butterflied.” (4) Although one 
Solsville G. alveata with closely appressed 
shells (fig. 45C) shows incomplete ligamental 
calcification, the other three have ligaments 
which seem closely comparable in size and 
calcification to those of G. obliqua. Since such 
a ligament did not prevent the shells from 
opening in G. alveata, it may not have done 
so in G. obliqua either. It seems probable that 
in G. alveata the stiff, calcified ligament would 
have held the valves ajar. Contraction of the 
adductor muscles would have gently de¬ 
formed or flexed the thin shells into a posi¬ 
tion, the concentric corrugations additionally 
serving to increase the strength, flexibility and 
elasticity of the shells during the deforma¬ 
tion. Moreover, if the shell microstructure 
was similar to that described by Bailey and 
Sandberg (1979, etc.) in the aforementioned 
Pennsylvanian grammysiid, the steplike dis¬ 
locations in the thick, treppen nacre layer may 
have further added to the flexibility of the 
shells during closure. 

Grammysioidea cf. elliptica 
(Hall and Whitfield), 1869 
Figures 5B, 45G 

Grammysia elliptica Hall and Whitfield, 1869, p. 
53. Whitfield and Hovey, 1900, p. 278. Mc- 
Alester, 1962a, p. 60, pi. 25, figs. 10-12. 1963a, 
fig. 6, tab. 1; 1963b, tab. 1, text-fig. 2, p. 994, 
pi. 124, figs. 9-13. [?] Palmer and Brann, 1966, 
pi. 1, fig. 22. 
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Grammysia elliptica Hall [and Whitfield]. Miller, 
1877, p. 192. Hall, 1883, pi. 58, figs. 1-12; 1885, 
p. 365, pi. 58, figs. 1-12. Lesley, 1889, p. 261, 
2 figs. Clarke and Ruedemann, 1903, p. 400. 
Clarke and Swartz, 1913, p. 606, pi. 59, figs. 11, 
12. Branson, 1924, p. Ill, pi. 25, figs. 15, 16. 
[??] Willard, 1939, p. 474, etc., pi. 27, fig. 4. 
Grammysioidea cf. elliptica (Hall and Whitfield). 

Bailey, 1975, p. 100, pi. 9, fig. 5. 

Grammysia chemungensis Pitt, 1873, p. 199, pi. 

6. [See also McAlester, 1962a, p. 60.] 

[?] Grammysia magna Hall and Whitfield. Hall, 
1883 [in part], pi. 56, fig. 5. 1885 [in part], p. 
362, pi. 56, fig. 5. [See also McAlester, 1962a, 

p. 60.] 

Description: Shells medium size, thin, 
strongly inflated, subtrigonal, equivalve, 
strongly inequilateral. Umbones prominent, 
beaks strongly prosogyrous. Margins 
smoothly curving. Lunule and escutcheon 
unknown. 

Prosopon consists of both fine, irregularly 
fasciculate growth lines and coarse, concen¬ 
tric corrugations, pronounced anteroventral- 
ly and obsolescent posterodorsally. A nar¬ 
row, radial cincture is well defined near the 
anteroventral margin. 

Valve interior, ligament, original micro¬ 
structure and mineralogy unknown. 

Remarks on Morphology: Grammysioi¬ 
dea elliptica is elsewhere a poorly known Up¬ 
per Devonian species. McAlester (1962a, 
1963b) described three specimens from the 
Chemung of New York and two specimens 
from the Snyder Creek Shale of Missouri. 
Hinge, ligament, lunule, escutcheon, and in¬ 
ternal features among these are unknown. 

A single grammysiid tentatively referred to 
this species and measuring roughly 33 mm. 
in length and 25 mm. in height was found in 
the dark argillites of AMNH loc. 3012. The 
valves are closely appressed except for the 
anteroventral and dorsoposterior portions of 
the commissure where the valves are visibly 
gaping. The gapes seem similar in position 
to the permanent byssal and siphonal gapes 
described by Bambach (1971) in G. obliqua. 
But, in view of the obvious shell deformity 
of the Solsville specimen, it is uncertain 
whether the gapes are natural or merely the 
result of diagenetic stresses. No such gapes 
were noted by McAlester (1963b) in the two 
Snyder Creek specimens. 

Discussion: McAlester (1962a, 1963a, 


1963b) placed this species in Grammysia de 
Vemeuil noting that, while only a single ra¬ 
dial cincture is usually evident, a second, ob¬ 
scure cincture is “probably” present. How¬ 
ever, each of Hall’s (1885, pi. 58) G. elliptica 
shows only a single, long, anteroventral cinc¬ 
ture except for his plate 58, figure 4 which 
exhibits two short, mid-umbonal cinctures. 
Because the cinctures differ in position as well 
as number, the latter likely represents a species 
different from the rest. Likewise, McAlester’s 
(1962a, pi. 25, figs. 11, 12) figures show es¬ 
sentially single-cinctured specimens. The 
subtly bipartite appearance of the feature in 
his figure 11 seems attributable to the faint 
ridge which bounds the cinctural groove on 
either side. However, his figure 10 of the same 
plate shows a specimen with two distinct 
cinctures; but, since the remaining morphol¬ 
ogy is so poorly preserved, there seems little 
reason to believe it to be conspecific with the 
others. 

Should future study confirm McAlester’s 
suggestion that a variably developed to ab¬ 
sent second cincture exists in G. elliptica pop¬ 
ulations, the primary diagnostic distinction 
between Grammysioidea and Grammysia 
would be dissolved. Pending such study G. 
elliptica is here provisionally placed in 
Grammysioidea since specimens previously 
referred to that species are predominantly 
singly cinctured. 

Comparisons: McAlester (1962a) empha¬ 
sized the uniqueness of G. elliptica noting 
that it is unlikely to be confused with other 
species. Although the valve distortion pro¬ 
hibits positive identification, the Solsville 
specimen seems comparable to those of Bran¬ 
son (1924) and McAlester (1962a, 1963b). 
The specimen is also reasonably similar to 
the G. elliptica figures of Hall (1885, pi. 58, 
figs. 2, 3, 5, 7, 9) but the growth lines are less 
fasciculate and the radial cincture more an- 
teroventrally located than in Hall’s drawings. 
In view of the shell distortion and lack of 
additional specimens, these differences can¬ 
not presently be assessed. 

Grammysioidea cf. elliptica is distin¬ 
guished from G . alveata in the same beds by 
its (1) relatively shorter, taller, more trigonal 
form; (2) its single, radial cincture and (3) its 
less pronounced prosoponal corrugations. 

McAlester (1962a) considered G. elliptica 
to be the senior subjective synonym of two 
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other Upper Devonian species, Grammysia 
chemungensis Pitt and probably Grammysia 
magna Hall and Whitfield (in part). It may 
be added that Grammysia obscura Beushau- 
sen (1895, pi. 21, fig. 3, pi. 22, figs. 4, 5) from 
the Lower Devonian (Emsian) of Germany 
seems superficially similar to G. elliptica, but 
further comparisons are needed. 

One of Clarke and Swartz’s (1913, pi. 59, 
fig. 11) Upper Devonian specimens labeled 
Grammysia elliptica seems more similar to 
Grammysia circularis Hall and Whitfield 
(1869) although the latter appears to possess 
two faint cinctures. 

SUBCLASS PALAEOHETERODONTA 
NEWELL, 1965 

ORDER MODIOMORPHOIDA NEWELL, 1969 
(=ACTINODONTA DOUVILLE, 1912; 
ACTINODONTOIDA NEWELL, 1965) 
SUPERFAMILY MODIOMORPHACEA 
MILLER, 1877 

FAMILY MODIOMORPHIDAE MILLER, 1877 
(=MODIOLOPSIDAE FISCHER, 1887) 
GENUS MODIOMORPHA 
HALL AND WHITFIELD, 1869 

Type Species: Modiomorpha concentrica 
(Conrad), 1838, by subsequent designation of 
Hall (1885) from the Middle Devonian Ham¬ 
ilton beds of New York. 

Generic Usage: Modiomorpha is applied 
in general accordance with the diagnosis giv¬ 
en by LaRocque and Newell (in Moore, 1969, 
p. N393) who also supply a list of generic 
synonyms. Study confirms their observation 
of a large, cuneiform cardinal tooth in the left 
valve and a corresponding socket in the right 
valve. Although they further indicate an ab¬ 
sence of lateral dentition, weak laterals are 
evident in Solsville specimens of the type 
species. 

The ligament of Modiomorpha has been 
the topic of a notable controversy among past 
authors. Although Hall (1885) described the 
ligament as external, Ulrich (1894, 1897) and 
Beushausen (1895) both maintained that the 
ligament was, in fact, internal. Williams and 
Breger (1916), after examining large numbers 
of New York Devonian Modiomorpha spec¬ 
imens (including M. concentrica and M. my- 
tiloides ), could find no evidence of an external 
ligament and likewise concluded that the lig¬ 


ament must have been internal. LaRocque 
and Newell (in Moore, 1969), however, cor¬ 
rectly implied that the ligament is external 
by placing the Modiomorphoida within the 
Subclass Palaeoheterodonta. The question is 
here firmly settled by the exceptional hinge 
preservation in both M. concentrica and M. 
mytiloides ; these clearly show the conclusions 
of Beushausen, Ulrich, and Williams and 
Breger to be incorrect. 

As Newell (in Moore, 1969) indicated, the 
modiomorphoids are a heterogeneous assem¬ 
blage grouped together for convenience. Al¬ 
though I have chosen to follow Newell’s sys¬ 
tematic placement of the Modiomorphidae, 
it should be noted that the morphology of 
Modiomorpha shows significant similarities 
to members of both the Carditacea Fleming, 
1820 (e.g., Permophorous Chavan, 1954; see 
Chavan in Moore, 1969, fig. E44, la, b) and 
the Crassatellacea Ferussac, 1822 (e.g., Hip - 
popodium Sowerby, 1819; see Cox in Moore, 
1969, fig. E82, la-e). 

Modiomorpha concentrica (Conrad), 1838 
Figures IB, 6C, 46A-I, 47, 49B 

Pterinea concentrica Conrad, 1838, p. 116. 
Cypricardites concentrica Conrad, 1841, p. 52. 
Cypricardites oblonga Conrad, 1841, p. 52. Syn¬ 
onym of Hall, 1885, p. 275. 

Modiola concentrica [(Conrad)]. Hall, 1843, p. 19, 
fig. 78, no. 9. 

Modiomorpha concentrica (Conrad). Hall and 
Whitfield, 1869, p. 73. Miller, 1877, p. 196. 
Whitfield, 1882, p. 335, pi. 26, fig. 10; 1883, p. 
369. Hall, 1883, pi. 34, figs. 9, 10, pi. 36, figs. 
1-16 [17?, 18?]; 1885, p. 275, pi. 34, figs. 9, 10, 
pi. 35, figs. 1-5, pi. 36, figs. 1-16 [17?, 18?]. 
Nettleroth, 1889, p. 219, pi. 2, figs. 9-12, 14. 
Ulrich, 1894, 1897, pp. 503-504. Grabau, 1899, 
p. 250, fig. 165; 1906, p. 330. Whitfield and 
Hovey, 1900, p. 288. Clarke and Ruedemann, 
1903, p. 448. Cleland, 1903, p. 70; 1911, p. 113, 
pi. 24, figs. 6[?], 7; 1916, p. 459, fig. 232b. Slo- 
com, 1906, p. 264. Stauffer, 1909, p. 165. Pros¬ 
ser and Kindle, 1913, p. 266, pi. 32, figs. 5, 6 
[7-9?]. Williams and Breger, 1916, pp. 216,218. 
Branson, 1924, pp. 114. Pohl, 1929, p. 65. Sav¬ 
age, 1930, pp. 10, 97, pi. 4, fig. 23; 1931, p. 
232, pi. 3, fig. 8. Stumm, 1942, p. 557, [not] pi. 

84, fig. 49. Shimer and Shrock, 1944, p. 409, 
pi. 164, fig. 2. LaRocque and Marple, 1955, p. 

85, fig. 190. McAlester, 1962a, p. 44. Ellison, 
1965, p. 141, pi. 16, figs. 4-6. Palmer and 
Brann, 1966, pi. 14, figs. 2, 3. LaRoque and 
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Newell, 1969, p. N393, fig. Dl,l (in Moore). 
Bailey, 1975, p. 135, pi. 7, figs. 1-7, text-fig. 
18b; 1978a, p. 121, tab. 1. Wilson, 1975,p. 126. 
Carter and Tevesz, 1978b, p. 865, fig. 14. 
Modiomorpha concentrica Hall [sic]. Lesley, 1889, 
p. 414, 2 figs. Kindle, 1896, p. 43; 1901, p. 680, 
pi. 14, figs. 10, 11. Clarke, 1899, 1900, p. 53. 
Grabau and Shimer, 1909, p. 515, figs. 692d, 
694d. [?] Stewart, 1927, p. 52, pi. 5, fig. 4. [?] 
Willard, 1939, p. 477, etc., pi. 25, fig. 19. Stumm 
and Chilman, 1967, p. 130. 

Modiola ( Modiomorpha ) concent rica Hall [sic]. 

Hall and Whitfield, 1872, p. 199. 

[not] Modiolopsis concentrica Hall and Whitfield, 
1875, p. 86. Ulrich, 1894, 1897, p. 510, pi. 37, 
figs. 15, 16. Pojeta, 1971, pi. 13, figs. 16, 17. 
[An Ordovician species.] 

Mediomorpha [sic] concentrica. Kindle, 1901, pi. 

14, fig. 11. Ellison, 1965, pi. 16, figs. 4-6. 
t Modiomorpha saccula Pohl, 1929, p. 65, pi. 10, 
figs. 8-15, pi. 11, figs. 2, 3. [=M. concentrica 
Conrad of Cleland, 1911 [in part], p. 113, pi. 
24, fig. 7.] 

f[?] Modiomorpha elongata Pohl, 1929, p. 66, pi. 
11, figs. 1, 4-10. [=M. concentrica Conrad of 
Cleland, 1911 [in part], p. 113, pi. 24, fig. 6.] 
[l=Nyassa elongata Cleland, 1911, p. Ill, pi. 
22, figs. 10-12. Synonym of Pohl, 1929, p. 66.] 
t[?] Modiomorpha anulifera Spriestersbach [in 
part]. 1925, p. 410, pi. 11, fig. 3. [not] 1919, p. 
37, pi. 12, figs. 1-5. 

Description: Shells medium- to large-size, 
equivalve, inequilateral, inflated. Shape vari¬ 
able, modioloid or mytiloid in outline. Um- 
bones prosogyrous, anteriorly subterminal, 
rising but slightly above the straight to gently 
arcuate hinge line. Commissure somewhat 
flanged dorsoposteriorly with a faint, shallow 
sulcus between the flange and a broadly con¬ 
vex umbonal ridge which curves obliquely 
toward the posteroventer. The oblique ven¬ 
tral margin forms a gentle embayment or si¬ 
nus which is often marked by a constriction 
(byssal notch) extending obliquely upward. 
Faintly defined by an oblique, preumbonal 
sulcus is a narrow, anteriorly terminal auri- 
culate lobe beneath and in front of the um- 
bones. 

Prosopon consists of mostly regular, dis¬ 
tinct, concentric lirae of high relief punc¬ 
tuated by a few undulatory growth varices. 
Radial elements lacking. 

Ligament opisthodetic, parivincular; each 
nymph marked by a single, flanking inser- 
tional groove (suture). 


TABLE 10 

Measurements (in Millimeters) of Modiomorpha 
concentrica (Conrad) 


Locality 

Length 

Height 

Width" 

AMNH 3013 

53 

33 

21.5 


38 

28 

17 


57 

41 

— 


36 

27 

— 


15 b 

52* 

28.7 


44 

37 

22.7 


39 

25 

18 


53 

44 

- 


" Total width, both valves articulated. 
b Original dimensions inferred; specimen broken. 


Hinge plate middorsally narrow, widening 
and thickening forward. A single, robust, cu¬ 
neiform cardinal tooth with an ovoid basal 
outline is obliquely placed in the left valve 
and a corresponding socket in the right valve. 
Internal anterior shell margin peripherally 
broadened by growth laminae forming a ru¬ 
gose forward continuation of the hinge plate 
and cardinal tooth/socket. Along the lower 
edge of the hinge plate, a weak lateral tooth 
and socket are developed behind the cardinal 
dental element in each valve. The lateral tooth 
of the left valve underlies that of the right 
valve. 

Anterior adductor scar small, subcircular, 
strongly impressed; situated in the anterior 
auricle beneath the cardinal tooth/socket and 
forming a deep embayment in the hinge plate. 
Just behind and above is a small anterior 
byssal/pedal retractor muscle pit. Posterior 
muscular scar larger, more weakly impressed 
and composite: ventral lobe (posterior ad¬ 
ductor scar) large, ovoid or subreniform and 
faint; dorsal lobe (posterior byssal/pedal re¬ 
tractor scar) small, phylloid and better de¬ 
fined. 

Pallial line recessed, simple, encompassing 
numerous pallial punctae. 

The valves are thick and especially so in 
the umbonal and auricular regions, thinning 
posteriorly. Original shell microstructure de¬ 
scribed by Carter and Tevesz (1978b). 

Remarks on Morphology: Lateral teeth 
have never been described in Modiomorpha , 
and 1(1975) did not previously observe them. 
Past authors have regarded them as absent 
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Fig. 46. A— I. Modiomorpha concetttrica (Conrad). A. Left encrusted valve of articulated specimen 
(AMNH 36240) from AMNH loc. 3013. B, C. Articulated specimen (AMNH 36189) from AMNH loc. 
3014. B. Right valve. C. Left valve. D, E. Articulated specimen (AMNH 36192) from AMNH loc. 3013. 
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(e.g., see LaRocque and Newell in Moore, 
1969, p. N393). 

The ligament and shell interior have been 
mostly unknown in M. concentrica. Several 
prominent earlier authors, as previously not¬ 
ed, even regarded the ligament as internal. 

The cardinal dentition and anterior ad¬ 
ductor scar in Solsville M. concentrica are 
basically similar to those figured by Hall 
(1885, pi. 36, figs. 15, 16), although Hall’s 
drawings were largely based on gutta percha 
impressions. 

These features are morphologically also 
closely akin to those of Modiomorpha sim¬ 
plex Beushausen (1885, pi. 1, fig. 9, 9a), Go- 
niophora chemungensis (V anuxem), 1842 (see 
Hall, 1885, pi. 44, figs. 13, 14), and Modi¬ 
omorpha bilsteinensis Beushausen (1895, pi. 
1, figs. 18a, b); although the external form of 
M. bilsteinensis mimics Nyassa Hall and 
Whitfield. 

Comparisons: Beushausen (1895) de¬ 
scribed 16 Modiomorpha- like species in the 
European Devonian; he placed 14 in the ge¬ 
nus Modiomorpha. The two remaining species 
he assigned to Modiola , at least one of these, 
“ Modiold ” antiqua Goldfuss (see pi. 1, figs. 
3-6 of Beushausen) is undoubtedly Modi¬ 
omorpha and seems akin to M. concentrica. 
Many of the remaining species are difficult 
to evaluate and require additional study. 
However, one example of Modiomorpha 
westfalica Beushausen seems similar to M. 
concentrica with respect to both shell shape 
and prosopon [i.e., compare Beushausen’s 
text-figure 2, p. 27, with Hall’s (1885) plate 
36] and may prove to be synonymous. 

One figured specimen of the upper Emsian 
species, M. anulifera, given by Spriesters- 
bach (1925, pi. 11, fig. 3) seems remarkably 
similar to M. concentrica. His specimens fig¬ 
ured earlier (1919, pi. 12, figs. 1-5), however, 
are distinctly different. 

Cleland (1911) described and figured M. 
concentrica from the Middle Devonian Mil¬ 


waukee Formation of Wisconsin. Although 
he admitted considerable hesitancy in doing 
so, Pohl (1929) divided Cleland’s M. con¬ 
centrica specimens into two species, M. sac- 
cula and M. elongata. The figured shells of 
M. saccula Pohl are unmistakably those of 
M. concentrica , and, considering the sub¬ 
stantial infraspecific variation apparent in the 
latter, there is insufficient basis for recogniz¬ 
ing these Wisconsin specimens as a separate 
species. M. elongata from the same beds is 
not so readily evaluated. Cleland (1911) orig¬ 
inally described an internal mold as Nyassa 
elongata , a generic assignment which seems 
credible enough based upon Cleland’s figures. 
Pohl, however, unjustifiably placed this mold 
in Modiomorpha elongata along with speci¬ 
mens from Cleland’s M. concentrica mate¬ 
rial. Although these specimens do show slight 
differences of shape and prosopon, the dif¬ 
ferences evidently intergrade with M. saccula 
and seem to have been introduced by a com¬ 
bination of diagenetic distortion and weath¬ 
ering. 

Modiomorpha mytiloides (Conrad), 1841 
Figures 6B, 46J, 48 

Cypricardites mytiloides Conrad, 1841, p. 52. Mil¬ 
ler, 1877, p. 189. 

Modiomorpha mytiloides (Conrad). Hall, 1885, p. 
277, pi. 37, fig. 3, pi. 38, figs. 1-16. Nettleroth, 
1889, p. 220. Whitfield and Hovey, 1900, p. 
290. Clarke and Ruedemann, 1903, p. 450. Cle¬ 
land, 1903, p. 70; [?] 1911, p. 114, pi. 23, fig. 
4. Grabau, 1906, p. 330. Grabau and Shimer, 
1909, p. 514, fig. 691b. Prosser and Kindle, 
1913, p. 269, pi. 33, figs. 7[?], 8-10. Williams 
and Breger, 1916, p. 216. [?] Stewart, 1927, p. 
53, pi. 5, fig. 5. Pohl, 1929, p. 67. Cooper, 1930, 
p. 219. [?] Savage, 1931, pp. 228,232, pi. 29, fig. 
3. Shimer and Shrock, 1944, p. 409, pi. 164, fig. 
1. McAlester, 1962a, p. 45, pi. 19, figs. 14-16; 
1963b, p. 1211, tab. 1, fig. 4. Ellison, 1965, p. 
142. Palmer and Brann, 1966, pi. 6, fig. 3, pi. 
14, fig. 1. Stumm and Chilman, 1967, p. 130. 
Wilson, 1975, p. 126. 

Modiomorpha mytiloides Hall [sic]. Stauffer, 1915, 


D. Left valve. E. Dorsal view. F. Left valve of articulated specimen (AMNH 36190) from AMNH loc. 
3013. G, H. Articulated specimen (AMNH 36191) from AMNH loc. 3013. G. Right valve. H. Enlarge¬ 
ment of composite posterior muscular scar. I. A left valve (AMNH 36238A) from AMNH loc. 3013. 
J. Modiomorpha mytiloides (Conrad). A right valve (AMNH 36238B) from AMNH loc. 3013. 

Abbreviations: pa—posterior adductor scar, pbpr—posterior byssal/pedal retractor scar, pla—parivin- 
cular ligamental area (nymph). 
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p. 239. [not] Willard, 1939, p. 477, etc., pi. 25, 
fig. 20. 

[not] Modiolopsis mytiloides Hall, 1847, p. 157. 
Ulrich, 1894, 1897, p. 508, pi. 36, fig. 8. [an 
Ordovician species.] 

Modiomorpha myteloides [sic] Conrad. Kindle, 
1901, p. 681. 

Modiomorpha mytiloides milwaukeensis Pohl, 
1929, p. 68, pi. 12, figs. 4, 5. 

Cypricardites alta Conrad, 1841, p. 52. 

[??] Cypricardia alata [sic] Hall, 1843, p. 48, fig. 
6, no. 3. [=M. alta [in part] in Lesley, 1889, p. 
412.] 

Modiomorpha alta (Conrad). Hall and Whitfield, 
1869, p. 75. Miller, 1877, p. 195. Hall, 1883, 
pi. 37, figs. 1—16, pi. 80, fig. 7; 1885, p. 278, pi. 
37, figs. 1, 2, 4-12, 15, 16, pi. 80, fig. 7. Lesley, 
1889 [in part], p. 412, lower fig. Grabau, 1899, 
p. 251, fig. 167. Whitfield and Hovey, 1900, p. 
288. Clarke and Ruedemann, 1903, p. 448. Cle- 
land, 1903, p. 70; 1911, p. 115. Grabau and 
Shimer, 1909, p. 514, fig. 692c. Savage, 1931, 
pp. 228, 231. 

Modiomorpha alta Hall [sic]. Kindle, 1901, p. 682, 
pi. 14, fig. 8. 

Modiomorpha planulata Hall and Whitfield, 1869, 
p. 74. [Synonym of Hall, 1885, p. 277; Whitfield 
and Hovey, 1900, p. 290.] 

Modiomorpha complanata Hall and Whitfield [in 
part]. Hall, 1883, p. 12, pi. 38, figs. 1-16. [Syn¬ 
onym, in part, of Hall, 1885, p. 277; Whitfield 
and Hovey, 1900, p. 288.] Lesley, 1889, p. 414, 
1 fig. 

Modiomorpha macilenta Hall and Whitfield, 1869, 
p. 76. Miller, 1877, p. 196. Hall, 1883, pi. 37, 
fig. 17, pi. 39, figs. 17-21; 1885, p. 280, pi. 37, 
fig. 17, pi. 39, figs. 17-21. Whitfield and Hovey, 

1900, p. 288. Clarke and Ruedemann, 1903, p. 
450. 

t Modiomorpha affinis Hall, 1885, p. 284, pi. 37, 
figs. 13, 14, pi. 35, fig. 13. Nettleroth, 1889, p. 
216. Whitfield and Hovey, 1900, p. 288. Kindle, 

1901, p. 681, pi. 14, fig. 9. Savage, 1930, p. 97. 
Modiomorpha tioga Hall, 1885, p. 291, pi. 40, fig. 

18. 

|[?] Modiomorpha clarkei Cleland, 1911, p. 115, 


pi. 24, fig. 5. [=M. obliqua Cleland [in part] of 
Pohl, 1929, p. 67, pi. 12, figs. 1-3.] 
t Modiomorpha obliqua Cleland, 1911, p. 114, pi. 
24, fig. 4. Pohl 1929, [in part], p. 67, pi. 12, figs. 
1-3 [pi. 13, figs. 1-3?]. 

t[?] Modiomorpha pediformis Pohl, 1929, p. 66, 
pi. 11, figs. 11, 12. [=M. mytiloides (Conrad) of 
Cleland, 1911, p. 114, pi. 23, fig. 4.] 
t[?] Modiomorpha subalata (Conrad). Stumm, 
1942, p. 557, pi. 81, fig. 34. 

[See also synonymy of McAlester, 1962a, p. 45.] 

Description: See redescription of Mc¬ 
Alester (1962a, p. 45). 

Remarks on Morphology: Modiomor¬ 
pha mytiloides is here represented by two 
specimens from AMNH loc. 3013: (1) a small, 
near complete right valve 18.9 mm. in length 
and 13.8 mm. in height and (2) a large, in¬ 
complete articulated specimen with a pre¬ 
served length of 55.3 mm. and height of 48.5 
mm. (inferred original length and height, 73 X 
52 mm.). A third incomplete specimen from 
AMNH loc. 3014 has an inferred length of 
12 mm. and a height of 12 mm. No internal 
morphology is here exposed; it is poorly 
known elsewhere. 

The ligament has not been previously de¬ 
scribed in this species. The larger, articulated 
specimen shows clear evidence of an external, 
opisthodetic, parivincular ligament as indi¬ 
cated by the ligamental nymph and flanking 
suture in each valve (see fig. 48B). 

Comparisons: The remarkable shell vari¬ 
ation exhibited by this species has generated 
considerable confusion resulting in the erec¬ 
tion of numerous probable junior synonyms. 
Most are likely little more than variants in a 
larger morphologic continuum as Hall (1885, 
p. 279) first observed: “The typical forms here 
recorded under the specific designations of 
M. mytiloides , M. alta and M. macilenta are 
easily distinguishable; but in the study of large 
collections we find so many intermediate 


Fig. 47. Modiomorpha concentrica (Conrad). All from AMNH loc. 3013. A. Partial left valve interior 
(AMNH 36195). B. Partial right valve interior (AMNH 36194). C, D. Partial right valve (AMNH 36236). 
C. Exterior. D. Interior. E. Partial interior of left valve (AMNH 36238A). F. Ventral view of left hinge 
fragment (AMNH 36196). G. Left internal mold of articulated specimen (AMNH 36191). H. Partial 
right valve interior (AMNH 36193), slightly restored above socket. 

Abbreviations: aa—anterior adductor scar, abpr—anterior byssal/pedal retractor pit, cs—cardinal sock¬ 
et, ct—cardinal tooth, hp—hinge plate, Is—lateral socket, It—lateral tooth, pi—pallial line, pla—pari¬ 
vincular ligamental area (nymph). 
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Fig. 48. Modiomorpha mytiloides (Conrad). Articulated specimen (AMNH 36218) from AMNH loc. 
3013. A. Left valve. B. Dorsal view. 

Abbreviation: pla—parivincular ligamental area (showing nymphs and sutures). 


forms that it becomes difficult to arrange them 
under these several designations.” Cleland 
(1911, p. 115), in his later discussion of M. 
mytiloides , further commented on the shell 
variation within this species: “In fact there 
is some warrant for assigning almost every 
specimen of this genus collected in the Mil¬ 
waukee quarry to a different species. But any 
attempt to break it up into a number of species 
results in greater confusion.” 

An assessment of several probable syn¬ 
onyms of M. mytiloides is presented below: 

1. Modiomorpha mytiloides milwaukeensis Pohl, 
1929. Middle Devonian (Milwaukee Forma¬ 
tion), Wisconsin. Pohl described the shell of 
this subspecies as “scarcely distinguishable 
from M. mytiloides (Conrad).” Pohl’s figures 
show two fairly typical M. mytiloides shells; 
the subspecific designation seems unwarrant¬ 
ed. 

2. Modiomorpha alta (Conrad), 1841. Middle 
Devonian, New York, Ohio-Indiana. Insep¬ 
arable from M. mytiloides in large collections 
(see Hall’s comment above). McAlester 
(1962a) considered it a junior synonym. Kin- 
dle’s (1901) figured specimen of M. alta is 
probably also M. mytiloides. Walcott (1884) 


remarked that some M. alta specimens are 
almost identical to his “Af.” altiforme speci¬ 
mens from the Devonian of Nevada. How¬ 
ever, his figure (1884, pi. 5, fig. 9) shows an 
internal mold misidentified as Modiomorpha. 
The anterior adductor scar is too large, elon¬ 
gated, and lightly impressed, whereas the pos¬ 
terior scar seems too small and too ventrally 
located. A pholadomyacean? 

3. Modiomorpha planulata Hall and Whitfield, 
1869. Listed by Hall (1885), Whitfield and 
Hovey (1900) and McAlester (1962a) as a syn¬ 
onym of M. mytiloides. 

4. Modiomorpha complanata Hall and Whit¬ 
field. Middle Devonian, Ohio. Hall (1885) 
noted an earlier labeling error and assigned 
the sixteen figures of his plate 38 to M. my¬ 
tiloides in the final version. Both the other M. 
complanata specimens (1885, pi. 34, fig. 14, 
pi. 41, fig. 3) are internal molds, species un¬ 
certain (M. mytiloides ?). 

5. Modiomorpha macilenta Hall and Whitfield, 
1869. Middle Devonian (Hamilton), New 
York. Inseparable in large collections from M. 
mytiloides (see Hall’s comment above). 
McAlester (1962a) considered it a probable 
synonym. 

6. Modiomorpha affinis Hall, 1885. Middle De¬ 
vonian, New York, Indiana. Hall (1885) placed 
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part of his earlier (1883, pi. 37, figs. 13, 14) 
M. alta specimens in M. affinis. The figures 
show two typical M. mytiloides shells. Hall’s 
remaining illustration (1885, pi. 35, fig. 13) 
shows an internal mold, species uncertain. 
Kindle’s (1901) figured M. affinis is probably 
M. mytiloides. 

7. Modiomorpha tioga Hall, 1885. Upper De¬ 
vonian (Chemung), Pennsylvania. Based upon 
a single right valve (called a left valve by Hall, 
1885, pi. 40, fig. 18). Hall compared it with 
M. mytiloides. I support McAlester’s (1962a) 
suggestion that it is a junior synonym. 

8. Modiomorpha clarkei Cleland, 1911. Middle 
Devonian (Milwaukee Formation), Wiscon¬ 
sin. Pohl (1929) regarded this form as a syn¬ 
onym of M. obliqua , a species I consider syn¬ 
onymous with M. mytiloides (see below). 
Although it closely resembles M. mytiloides 
in the earlier growth stages, it seems too equi¬ 
lateral in the later growth stages. Pohl indi¬ 
cated that these differences were merely the 
result of vertical diagenetic compression. 

9. Modiomorpha obliqua Cleland, 1911. Middle 
Devonian (Milwaukee Fm.), Wisconsin. Cle- 
land’s drawings and Pohl’s [1929, pi. 12, figs. 
1-3; not pi. 13, figs. 1-3 (=M. clarkei )] later 
photographs show shell forms convincingly 
similar to M. mytiloides. There can be little 
doubt of its synonymy. 

10. Modiomorpha pediformis Pohl, 1929. Middle 
Devonian (Milwaukee Fm.), Wisconsin. Cle¬ 
land (1911) earlier called these M. mytiloides. 
Pohl noted the considerable shell distortion 
among most specimens. Similarly distorted 
M. mytiloides seem indistinguishable; a pos¬ 
sible junior synonym. 

In addition to these, M. mytiloides shows 
certain superficial similarities to a few Eu¬ 
ropean Lower Devonian species including M. 
elevata (Krantz) and M. siegenensis Beu- 
shausen as figured by Beushausen (1895, pi. 
2, figs. 9-11 and pi. 2, fig. 8) and M. inter¬ 
media Beushausen as figured by Maillieux 
(1937, pi. 9, figs. 1-4). Further data, however, 
are needed. 

Autecology: Although no byssal gape is 
discernible in any available specimens of 
Modiomorpha, the byssate nature of the ge¬ 
nus is confirmed by the well-developed byssal 
retractor muscular apparatus seen in M. con- 
centrica. This apparatus has not been pre¬ 
viously described; Hall’s (1885) figures of M. 
concentrica show only a vague, rounded pos¬ 
terior adductor scar—the posterior byssal/ 
pedal retractor lobe and the anterior byssal/ 


pedal retractor pit so clearly evident in the 
Solsville specimens are lacking in his draw¬ 
ings. Furthermore, the broad byssal sinus, 
sharp anteroventral prosoponal constriction 
(byssal notch), and strongly anisomyarian ad¬ 
ductor musculature brought about by a sec¬ 
ondary reduction of the shell anterior (Yonge, 
1953) all point to the presence of a byssus. 

McAlester and Doumanni (1966, text-fig. 
2) indicated that Modiomorpha baini (Sharpe) 
from the Lower Devonian Horlick Forma¬ 
tion of Antarctica was an epibyssate species, 
attaching itself to hard, elevated surfaces in 
the manner of modem Mytilus edulis as dem¬ 
onstrated by Stanley (1970, 1972). However, 
morphology suggests a different mode of life 
for M. concentrica : (1) If Stanley’s criterion 
of maximum cross-sectional width is applied, 
it can be determined that M. concentrica with 
its centrally disposed plane of maximum in¬ 
flation is probably more suited for a semi- 
infaunal (endobyssate) existence, commis¬ 
sure erect, as exemplified by the similarly 
shaped Recent species, Modiolus demissus 
(see fig. 49A and Stanley, 1972, text-fig. 14b). 
(2) Unlike Gosseletia and Mytilus (fig. 18), a 
pronounced divergence of the hinge line and 
anteroposterior axis does not exist in Modi¬ 
olus demissus or in Modiomorpha concentri¬ 
ca ; indeed, the lines are nearly parallel in both 
species (see also fig. 1). (3) The posterior bys¬ 
sal retractor musculature in both M. concen¬ 
trica and Modiolus demissus is attached well 
behind the byssus itself (whose position in 
M. concentrica is inferred from the byssal 
notch) producing a resultant force during 
contraction parallel to the long axis of the 
valves and pulling the shells down into the 
sediment (fig. 49). It therefore seems proba¬ 
ble that Modiomorpha had a mode of life 
similar to that of Modiolus demissus, i.e., an 
endobyssate filter feeder. 

Despite the foregoing arguments to the 
contrary, one specimen of M. concentrica (fig. 
461) shows evidence of having been epibys¬ 
sate. The byssal notch is disfigured by an un¬ 
naturally deep embayment, and the proso¬ 
ponal lirae are irregularly disrupted as though 
the shell had been damaged and subsequently 
mended. Among Recent populations of epi¬ 
byssate mytilids living in shallow, intertidal 
waters where oscillating currents are strong, 
similar damage may occur if water motion 
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Fig. 49. Comparative adaptations for endo- 
byssate life habits in Modiolus demissus (Dillwyn) 
and Modiomorpha concentrica (Conrad). A. M. 
demissus. Contraction of byssal/pedal muscula¬ 
ture shown produces a net force (f) nearly parallel 
to the anteroposterior shell axis. (Based on Stan¬ 
ley, 1972). B. M. concentrica. Contraction of the 
reconstructed byssal/pedal musculature would 
produce a net force similar to that shown in M. 
demissus. 


causes the shells to abruptly pivot or sway to 
and fro against the byssus. If the shell were 
endobyssate the surrounding sediments would 
provide lateral reinforcement, thus minimiz¬ 
ing shell movements in fluctuating currents; 
hence, shell damage near the byssal notch 
would not be expected. Thus, though Mo¬ 
diomorpha seems morphologically best 
adapted to an endobyssate life, occasional in¬ 
dividuals may have been epibyssate partic¬ 
ularly if suitable substrates were at a premi¬ 


um or if the shells were exhumed by 
sedimentary transport. 


ORDER UNIONOIDA STOLICZKA, 1871 
SUPERFAMILY ANTHRACOSIACEA 
AMALITSKY, 1892 
FAMILY PALAEOMUTELIDAE WEIR 
IN VOKES, 1967 
GENUS NYASSA 
HALL AND WHITFIELD, 1869 

Type Species: Nyassa arguta Hall and 
Whitfield, 1869, by original designation, from 
the Middle Devonian (Hamilton) of New 
York. [=Sanguinolaria dorsata Goldfuss, 
1840]. 

Generic Diagnosis: [=. Modioconcha Hall 
and Whitfield, 1869, nom. oblit. (obj.); see 
LaRocque in Moore, 1969, p. N411.] Shells 
dorsally thick, equivalve, subelliptical with 
small, appressed, anteriorly placed umbones 
and variably developed, subangular carina. 
Ligament external, opisthodetic. Anterior 
adductor scar small, well marked; posterior 
adductor scar faint. Pallial line simple. Weak 
posterior radial sulcus and posteroventral 
sinus. Prosopon variably fasciculate consist¬ 
ing of concentric growth lines; radial ele¬ 
ments lacking. Hinge plate long, thick, ar¬ 
cuate. Dentition pseudotaxodont, extending 
over whole arc of the dorsal margin, dimin¬ 
ishing middorsally; posterior members of the 
tooth series becoming greatly elongated, la¬ 
mellar. 

The revised generic diagnosis here pro¬ 
posed importantly differs from past diagno¬ 
ses (e.g., LaRocque in Moore, 1969) with re¬ 
spect to hinge and prosopon. See additional 
comments below. 

Nyassa dorsata (Goldfuss), 1840 
Figures 6D, 50 

Sanguinolaria dorsata Goldfuss, 1840, p. 280, pi. 

159, fig. 17. De Vemeuil, 1847, p. 697. 

Nyassa dorsata (Goldfuss). Beushausen, 1895, p. 
31, pi. 3, figs. 7-9. Spriestersbach, 1915, p. 39, 
pi. 11, fig. 4, 4a. Bailey, 1975, p. 209, pi. 15, 
fig. 6, text-figs. 32-34; 1978a, p. 121, tab. 1. 
Nyassa arguta Hall and Whitfield, 1869, p. 28. [?] 
Whitfield, 1890, p. 558, pi. 11, fig. 18. Whitfield 
and Hovey, 1900, p. 294. LaRocque, 1969, p. 
N411, fig. D10,4 (in Moore). 

Nyassa arguta Hall [and Whitfield]. Miller, 1877, 
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p. 198. Hall, 1883, pi. 53, figs. 9-20; 1885, p. 
354, pi. 53, figs. 7-20. Whiteaves, 1898, pp. 
399,417. Clarke and Ruedemann, 1903, p. 467. 
GrabauandShimer, 1909, p. 478, fig. 639. Stauf¬ 
fer, 1909, p. 166; 1915, p. 239. Prosser and 
Kindle, 1913 [in part], p. 262, pi. 31, figs. 7-9 
[not fig. 6]. [not] Willard, 1939, p. 477, etc., pi. 
26, fig. 31. Stumm, 1942, p. 557, pi. 81, fig. 6. 
Shimer and Shrock, 1944, p. 399, pi. 155, figs. 
13, 14. Stumm and Wright, 1958, p. 93. Bailey, 
1975, p. 209; 1978a, p. 121, tab. 1. Wilson, 
1975, p. 126. 

Nyassa arguta [Hall and Whitfield]. Grabau, 1906, 
pp. 220, 331, fig. 171. Cleland, 1911, p. 111. 
Cooper, 1930, p. 219, 220, 233; 1933, p. 550. 
Nyassa arguta Whiteaves [sic]. Shimer and Gra¬ 
bau, 1902, p. 181. 

Description: Shells medium- to large-size, 
equivalve, subelliptical. Umbones anteriorly 
placed, small, appressed line. Anterior, dor¬ 
sal and posterior margins smoothly curving. 
Ventral margin with faint posteroventral 
marginal sinus; above it the shell is faintly 
sulcate. A subangular umbonal carina ex¬ 
tends parallel to the hinge line from the beaks 
to the posteroventral angle. 

Prosopon irregularly undulaform consist¬ 
ing of fine to moderately coarse, subfascicu- 
late concentric growth lines gently embayed 
above the marginal sinus. No radial elements 
observed. 

Hinge plate wide and thick with irregular, 
pseudotaxodont tooth series extending 
obliquely along the entire arc of the lower 
margin of the hinge plate. Posteriorly, the 
teeth are especially strong, elongated, lamel¬ 
lar, and lie parallel to the posterodorsal shell 
margin. Anteriorly, the teeth diminish in 
length and relief, becoming nearly obsoles¬ 
cent just behind the beak. Directly beneath 
and anterior to the beak, the teeth increase 
in relief but not in elongation and remain 
nearly parallel to the posteriormost teeth. 

Ligament external, opisthodetic, probably 
parivincular and inserting just above and 
parallel to the posteriormost lamellar tooth. 

Remnant shell material show the valves to 
be extremely thick and heavy in the hinge 
region becoming rather thin and fragile ven- 
trally. Original shell mineralogy and micro¬ 
structure unknown. 

Other internal morphology not observed. 
Remarks on Morphology: An incom¬ 


plete right valve (fig. 50A, B) measures 36.5 
mm. in length and 26.9 mm. in height. The 
original, unbroken length would have been a 
bit greater, i.e., 40+ mm. 

Past misunderstanding of the hinge mor¬ 
phology of Nyassa was established by Hall’s 
(1885, pi. 53, figs. 8, 16, 18, 19) incomplete 
hinge figures. One of these, his figure 18 and 
enlargement, figure 19 (reproduced here as 
fig. 50D), seemingly more complete than the 
others, largely formed the basis for his hinge 
description of numerous irregular “cardinal” 
teeth or “callosities” in a random arrange¬ 
ment separated from two or three “lateral” 
teeth behind. In his enlargement the irregu¬ 
larity of the anterior tooth group is especially 
apparent. In better known taxa elsewhere I 
have seen analogous hinge tooth irregularities 
introduced by the disruptive effects of sec¬ 
ondary calcite intergrowths along the hinge. 
A probably more accurate second specimen 
of Hall (his fig. 16) anteriorly suggests an or¬ 
derly tooth series more like that of the Sols- 
ville hinge (fig. 50B). Unfortunately, none of 
Hall’s hinge morphology was based upon ac¬ 
tual shells, as it is here, but was drawn from 
gutta percha impressions of partially exposed 
hinge plates in three internal molds; in each 
case the hinge plate was medially interrupted 
by the umbonal cavity mold giving the er¬ 
roneous impression of two completely dis¬ 
junct (i.e., cardinal and lateral) dental group¬ 
ings. 

Descriptions of the hinge of Nyassa since 
Hall do not in general contradict him. Beu- 
shausen (1895) merely described the denti¬ 
tion as a series of fine lineations along the 
hinge. Even LaRocque’s (in Moore, 1969, p. 
N411) recent redescription of the hinge as 
“long, arcuate, with numerous irregular car¬ 
dinal teeth under the beak and 1 to 4 elongate 
lamellar teeth” essentially follows Hall’s orig¬ 
inal analysis. 

A significant hinge illustration of Nyassa 
largely overlooked by past authors is that of 
N. dorsata from the Muhlenbergsandstein 
(Eifelian) shown by Spriestersbach (1915, pi. 

11, fig. 4, 4a). His figure 4a (reproduced here 
as fig. 50C), an enlarged impression of an 
internal mold of a juvenile (his fig. 4), shows 
a pseudotaxodont hinge essentially similar to 
the Solsville specimen. Although the denti¬ 
tion seems middorsally even less obvious in 
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Fig. 50. Nyassa dorsata (Goldfuss). A, B. AMNH 36169, “miscellaneous Solsville” (AMNH loc. 
3013?). A. Right valve, partially articulated. B. Prepared hinge of same specimen. Arrow indicates 
(?)nymph. C. Hinge of a left valve from the Miihlenbergsandstein (Ger.) as figured by Spriestersbach 
(1915, pi. 11, fig. 4a). D. Hinge of‘W. arguta ” Hall and Whitfield as figured by Hall (1885, pi. 53, fig. 
19), a gutta percha impression of an internal mold. 


the German example, this variance is judged observations are verified by Spriestersbach 

minor in view of the differences in ontoge- (1915, pi. 11, fig. 4). (2) Hall and Beushausen 

netic development and mode of preservation. both described the anterior adductor scar as 

Internal morphology not shown in the small and deeply impressed. Beushausen also 

Solsville material has been described by past noted that its outline is weakly reniform and 

authors: (1) Hall (1885) and Beushausen its placement is very near to the anterior mar- 

(1895) described the pallial line as simple. gin (cf. Spriestersbach’s fig. 4). (3) Hall and 

Beushausen mentioned that it lies close to Beushausen described the posterior adductor 

the shell margin throughout its length. These muscle scar as rounded and weakly marked. 


X 2.0 


X2.0 


X3.3 
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(4) The ligament was described by Hall as 
“narrow, external.” 

Despite LaRocque’s (in Moore, 1969, p. 
N411) suggestion of “obscure radii” in some 
species, the evidence seems to support a pro- 
sopon in Nyassa, sensu stricto consisting 
solely of concentric elements. Beushausen 
(1895) mentioned only concentric elements. 
Of the four species described by Hall (1885), 
only one, N. subalata Hall and Whitfield was 
described as having radial elements. How¬ 
ever, as his plate 53, figures 21-26 show, N. 
subalata is probably a grab-bag of various 
taxa. Some may have cyrtodontid or modi- 
omorphid affinities. At least one, plate 53, 
figure 24, is probably N. dorsata. The one 
specimen clearly showing prosoponal radii 
(pi. 53, fig. 26) has a well-developed posterior 
wing and may be a juvenile pterineid. 

Classification: LaRocque (in Moore, 
1969) placed Nyassa in “Family Uncertain” 
within the Anthracosiacea. However, the 
hinge in figure 50B strongly suggests affilia¬ 
tions with the Palaeomutelidae. Nyassa shows 
marked similarities to the Permian genus Pa- 
laeomutela Amalitsky, 1892, which possess¬ 
es a similar pseudotaxodont dentition ex¬ 
tending over the entire arc of the hinge plate 
(see Weir in Moore, 1969, p. N409) as well 
as a similar outline (including the postero- 
ventral marginal sinus) and prosopon. How¬ 
ever, Palaeomutela lacks the well-defined 
umbonal carina of Nyassa. 

Comparisons: Nyassa arguta Hall and 
Whitfield from the Middle Devonian (Ham¬ 
ilton) of Eastern North America is here con¬ 
sidered a junior synonym of Nyassa dorsata 
(Goldfuss) from the Middle Devonian (Ei- 
felian-Givetian) of Germany. The identity of 
the two was early noted by de Vemeuil (1847, 
p. 697): “ Sanguinolaria dorsata Goldfi — 
Cette espece, du calcaire devonien de l’Eifel, 
se retrouve dans le groupe d’Hamilton de 
l’Etat de New York.” Beushausen (1895, pp. 
31-32), citing de Vemeuirs observations, 
considered the differences between the two 
species to be only trivial, suggesting that no 
distinction greater than the varietal level 
would be justifiable: “ Nyassa arguta Hall 
aus der Hamilton Group unterscheidet sich 
nur durch einzelne sehr geringfugige Merk- 
male, die hochstens eine Varietat rechtferti- 
gen konnten. De Vemeuil hat die ameri- 


kanische Form schon mit Sanguinolaria 
dorsata identificirt.” 5 Spriestersbach (1915) 
understandably disagreed, pointing out the 
pronounced difference between his N. dor¬ 
sata hinge and the anomalous hinge of N. 
arguta figured by Hall. However, since the 
Solsville specimen discredits Hall’s hinge in¬ 
terpretation but confirms Spriestersbach’s, the 
synonymy of the two species seems assured. 

Hall (1885) described and figured four 
species of Nyassa ; an evaluative summary of 
each is offered below: 

1. Nyassa arguta Hall and Whitfield, 1869. Mid¬ 
dle Devonian (Hamilton) of New York. Based 
on five to eight medium to large specimens (21- 
52 mm. in length); ovate, posteroventral mar¬ 
ginal sinus and umbonal carina usually well 
defined; prosopon of subfasciculate concentric 
elements only. =Nyassa, sensu stricto ; junior 
synonym of N. dorsata. 

2. Nyassa subalata Hall and Whitfield, 1869. 
Hamilton of New York. Based upon five me¬ 
dium to large specimens (23-41 mm. in length); 
ndnalate-subalate-alate; umbonal carina not 
defined; modiomorphoid-pterineoid shape. 
Prosopon concentric with or without radii. One 
or two strong lateral teeth; strong anterior ad¬ 
ductor scar. An artificial grouping of several 
bivalve taxa (see remarks above). Williams and 
Breger (1916, p. 155) considered this species to 
be affiliated with either Cypricardites or Cyr- 
todonta (i.e., a cyrtodontid). They described it 
as like Cypricardites but “differing chiefly in 
having the cardinal teeth more numerous and 
more irregular.” This observation is evidently 
in error since cardinal teeth are unknown in N. 
subalata. The “cardinals” they refer to are 
probably those of Hall’s hinge enlargement of 
N. arguta shown here in figure 50D. It is a 
natural mistake since this figure is surrounded 
by a series of N. subalata figures on Hall’s plate 
53. 

3. Nyassa recta Hall and Whitfield, 1869. Ham¬ 
ilton of New York. Based upon six medium¬ 
sized specimens (20-28 mm. in length); ovate, 
straight hinge line; umbonal carina absent in 
some, rectilinear and rounded in others. Ven¬ 
tral marginal sinus not defined. Prosopon con¬ 
centric. Strong anterior adductor scar; two lat¬ 
eral teeth. A series of shells with an appearance 
too generalized to be placed in Nyassa with any 
confidence. Some resemble Nuculites. Types 
possibly not even mutually related. 

5 See Bailey’s (1975) English translation of Beushau- 
sen’s original description and remarks. 
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4. Nyassa elliptica Hall and Whitfield, 1869. 
“Corniferous Limestone” (=Onondaga; see 
Wilmarth, 1938), New York. Based on one me¬ 
dium-sized specimen (35 mm. in length); ovoid, 
ventral marginal sinus lacking; umbonal carina 
undefined; prosopon fine, concentric. Strong 
anterior adductor scar. Lateral teeth? Outline 
resembles specimens referred to Edmondia ; 
probably not Nyassa. 

North American species of Nyassa de¬ 
scribed by other authors include: 

1. Nyassa elongata Cleland, 1911. Middle De¬ 
vonian (Milwaukee Fm.), Wisconsin. Based on 
a single internal mold Cleland believed to be 
similar in outline to N arguta. This conclusion 
seems supported by his drawings (1911, pi. 22, 
figs. 10-12) which show the ventral sinus, um¬ 
bonal carina, pallial line and anterior adductor 
scar. Pohl (1929), however, justifiably reas¬ 
signed Cleland’s specimen to genus Modi- 
omorpha. His photograph (1929, pi. 11, fig. 5) 
of Cleland’s holotype shows a specimen far less 
nyassaform than in Cleland’s original figures; 
i.e., neither the ventral sinus nor umbonal ca¬ 
rina are evident. 

2. Nyassa parva Walcott, 1884. Devonian of the 
Eureka District, Nevada. Walcott’s description 
and figures (pi. 15, figs. 14, 14a) provide too 
little data for generic assignment. Probably not 
Nyassa. 

Autecology: Nyassa dorsata is rare in the 
Solsville. The figured specimen, still partially 
articulated prior to preparation (hence, prob¬ 
ably in situ) perhaps originated in the dark, 
shaly facies of the Solsville as evidenced by 
the matrix infilling. The precise locality is 
uncertain, the specimen having been listed 
by Rollips as “miscellaneous Solsville.” Oth¬ 
er partial specimens of poorer quality have 
also been observed in the sandy facies. 

With the exception of Nyassa, other pa- 
laeomutelids are Carboniferous-Permian in 
age and have been considered as nonma¬ 
rine; indeed virtually all other anthracosi- 
aceans have been judged as freshwater taxa 
(see Weir in Moore, 1969, p. N404). How¬ 
ever, owing to its occurrence in a variety of 
marine sediments in both Europe and North 
America, Nyassa was undoubtedly a marine 
indigent. Broad adaptations to a variety of 
marine habitats are suggested by the occur¬ 
rence of Nyassa in both the sandy and clayey 
Solsville facies and elsewhere among arena¬ 
ceous shales and carbonates (see Hall, 1885). 
Beushausen (1895) even noted its occurrence 


in the Stringocephalus-Kalk , which, accord¬ 
ing to Erben and Zagora (1967) is a reef lime¬ 
stone. If, as the morphologic similarities and 
chronological differences would seem to in¬ 
dicate, later taxa such as Palaeomutela are 
phylogenetic descendents of nyassaform 
ancestors, then a marine origin for the Pa- 
laeomutelidae is implied (see also Bailey, 
1979c). A saltwater origin has long been sus¬ 
pected; Weir (in Moore, 1969), for example 
noted that Wohrmann had early supposed a 
marine derivation of Palaeomutela from the 
genus Palaeoneilo. However, Nyassa seems 
a far more credible progenitor of the palaeo- 
mutelid line. 

The shells of Nyassa dorsata are analogous 
to other well-known unionoid bivalves in¬ 
cluding Unio Philipsson, Anthracosia King, 
and Carbonicola M’Coy. Based upon its pre¬ 
sumed kinship to these taxa and rather sim¬ 
ilar shell form, somewhat similar life habits 
are suggested. Although the literature on 
unionoid bivalves is vast, few details of pre¬ 
cise position and depth of burrowing have 
been reported (Eagar, 1974). However, some 
attention has been devoted to these problems 
by Eagar (1948, 1973, 1974), Pryor (1967), 
and Agrell (1949). Many unionoids burrow 
at a shallow angle with respect to the sub¬ 
strate surface often leaving much of the dor¬ 
sal and dorsolateral regions exposed (Eagar, 
1974; Pryor, 1967). Some more elongated 
species such as Carbonicola bellula (Bolton) 
appear to have positioned themselves within 
the sediments with the long axis of the shell 
vertically placed and only the posteriormost 
extremity exposed (Eagar, 1974). Agrell 
(1949) stressed that among Swedish Unio and 
Anodonta the degree of burial varies widely 
according to species. A reconstruction of the 
possible life position of Nyassa is shown in 
figure 6. 

SUBCLASS HETERODONTA NEUMAYR, 1884 
ORDER VENEROIDA 
ADAMS AND ADAMS, 1856 

SUPERFAMILY LUCINACEA FLEMING, 1828 
FAMILY MACTROMYIDAE COX, 1929 
(=MACTROMYACIDAE COX, 1935) 

GENUS PARACYCLAS HALL, 1843 

Type Species: Paracyclas elliptica Hall, 
1843 [not P. elliptica Phillips, 1841; see 
DeKoninck, 1898, p. 85; Williams and Bre- 
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ger, 1916, p. 257; LaRocque, 1950, p. 310] 
by original monotypy and subsequent des¬ 
ignation of Hall (1885) from the “Comifer- 
ous Limestone” (=Onondaga), LeRoy, Ge¬ 
nesee County, New York. [=Lucina proavia 
Goldfuss, 1840 (see Beushausen, 1895,p. 169; 
Chavan in Moore, 1969, p. N512) =Lucina 
( Paracyclas) elliptica var. occidentalis Hall 
and Whitfield (not Billings) (see Hall, 1885, 
p. 440; LaRocque, 1950, pp. 310-311)]. 

Generic Usage: See diagnosis of Chavan 
(in Moore, 1969, p. N512) and remarks of 
LaRocque (1950, pp. 308-309). 

Internal Morphology: Despite numer¬ 
ous treatments of past authors the internal 
morphologies of Devonian lucinoids remain 
poorly understood. In Paracyclas pallial and 
muscular data are sketchy, and the few char¬ 
acterizations of the hinge and ligament of past 
authors are often either incomplete, vague or 
contradictory. 

Hall (1885, p. xxxviii) gave the following 
early account of the interior morphology of 
Paracyclas: “Structure of the hinge not fully 
observed. Ligament supported on each side, 
internally, by a narrow plate, and leaving in 
the cast [mold] two diverging grooves, di¬ 
rected forward from the beak. Muscular 
impression on the post-umbonal slope. Pal¬ 
lial line parallel with and a little within the 
margin of the shell.” Hall’s internal or 
(?)composite mold of P. elliptica (reproduced 
here as fig. 5II, J) shows a simple pallial line, 
a small, ovoid posterior adductor scar and 
an anterior adductor scar which is ventrally 
elongated as in many other lucinaceans. The 
ventral extension is not separated from the 
pallial line as it is among the Lucinidae but 
is evidently attached as in the ungulinids 
(Chavan in Moore, 1969, considered Para¬ 
cyclas to be a mactromyid). 

A laterally compressed internal mold (fig. 
51M) of P. marginata (Maurer), 1886, was 
used by Beushausen (1895) as the basis for 
his description and restoration of the hinge 
of Paracyclas , and a representation of P. 
proavia (Goldfuss) was used to illustrate the 
ligament (see fig. 5IK). His (p. 166) inter¬ 
pretations of shell orientation and inner 
“plates” (ridges) do not agree with Hall [writ¬ 
er’s translation]: 

The hinge, as far as can be observed, consists 

in each valve of one or two very small dentic- 


ulations under the beak; lateral teeth are miss¬ 
ing. 

A usually distinct inner ridge runs from the beak 
in each valve under the hinge line toward the 
posterior and sometimes toward the anterior. It 
produces a linear groove on the internal mold. 
Ligament not visible from the outside; on the 
inside it is situated in a shorter or longer, hol- 
lowed-out cavity just behind the beaks. The 
supporting ridges for the ligament, often cited, 
are lacking. In reality these are the above men¬ 
tioned inner ridges which extend laterally on 
the inside of the shell, and, as our illustration 
shows, only approach the ligament at the beak. 
There is greater reason to consider them as sup¬ 
port ridges associated with the muscular 
impressions. Muscular impressions weak, oval 
or elongated; pallial line simple. 

Later authors have evidently relied solely 
on Maurer’s species for hinge data. Babin 
(1966), using the figure of Spriestersbach 
(1919, pi. 3, fig. 1,1a), described the cardinal 
teeth as very small, one in the right valve and 
two in the left, with a short, posterior, inter¬ 
nal ligamental groove. Chavan’s (in Moore, 
1969; his figures are reproduced here as fig. 
5 IN, O) interpretation is somewhat different. 
In his view the ligamental depression is broad 
and long, the two cardinal teeth are in the 
right valve, and there is a possible anterior 
lateral tooth. 

The intrapallial area of the type species is 
marked by numerous pallial punctae (Hall, 
1885), a characteristic appearing in many lu- 
cinid subfamilies (see various figs, of Chavan 
in Moore, 1969, pp. N492-N508). Moreover, 
the pallial line is evidently discontinuous, 
consisting of a series of short, radial striae 
which show up on internal molds as numer¬ 
ous elongate nodes as described by Hall and 
later confirmed by plate 14, figure 19 of Pohl 
(1929), though not mentioned in his text. A 
somewhat similar pallial line is evident in 
Lucinella. 

Paracyclas rugosa (Goldfuss), 1837 
Figures 5F, 51A-H 

Lucina rugosa Goldfuss, 1837, p. 216, pi. 146, fig. 
9a, b. De Vemeuil, 1847, p. 695. Steininger, 
1853, p. 53. 

Paracyclas rugosa (Goldfuss). Beushausen, 1895, 
p. 171, pi. 15, figs. 8-11. Renaud, 1930, p. 210, 
pi. 12, fig. 11; 1942, p. 235. Maillieux, 1932, p. 
86, pi. 3, figs. 12, 13. Babin, 1966, p. 285, pi. 
12, fig. 7. Bailey, 1975, p. 224, pi. 15, figs. 7- 



306 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


VOL. 174 


11, text-fig. 35; 1978a, p. 121, tab. 1. [Many 
other ref. omitted; see Maillieux’s (1937, pp. 
221-223) exhaustive list.] 

Pracyclas [szc] rugosa (Goldfuss). Maillieux, 1937, 
p. 22L 

Paracyclas cf. rugosa (Goldfuss). Babin, 1973, p. 
58, pi. 6, fig. 3. 

Venulites concentricus Roemer, 1844, p. 79, pi. 2, 
fig. 3a-c [synonym of Beushausen, 1895, p. 171, 
and Maillieux, 1937, p. 221]. 

Lucina daleidensis Steininger, 1853, p. 53 [syn¬ 
onym of Beushausen, 1895, p. 171, and Mail¬ 
lieux, 1937, p. 222]. 

Posidonia lateralis Steininger [not Phillips], 1853, 
p. 53 [synonym of Maillieux, 1937, p. 222]. 

Posidonia lirata Conrad, 1838, p. 116, pi. [un¬ 
numbered], fig. 2. 

Posidonia lyrata [sic] Conrad. De Vemeuil, 1847, 
p. 695. 

Posodonia [sic] ( =Paracyclas ) lirata Conrad. Hall 
and Whitfield, 1872, p. 200 [=Lucina (. Para¬ 
cyclas ) lirata (Conrad) Hall and Whitfield, 1872, 
of Hall, 1885, p. 441, and Whiteaves, 1898, p. 
399. = Lucinda [sic] ( Paracyclas ) lirata (Conrad) 
Hall and Whitfield, 1872, of Ellison, 1965, p. 
145.] 

Paracyclas lirata (Conrad). Miller, 1877, p. 200. 
Hall, 1883 [in part], pi. 72, figs. 1[?]-19; 1885, 
p. 441, pi. 72, figs. 2-19, pi. 95, fig. 19. Net- 
tleroth, 1889, p. 211, pi. 2, figs. 4-7. Whiteaves, 
1892, p. 306; 1898, p. 399. Beushausen, 1895, 
p. 172. Grabau, 1899, p. 265, fig. 186. Whitfield 
and Hovey, 1900, p. 298. Kindle, 1901, p. 673, 
pi. 15, fig. 10. Shimer and Grabau, 1902, p. 181. 
Clarke and Ruedemann, 1903, p. 483. Cleland, 
1903, p. 73; [?] 1911, p. 118, pi. 25, figs. 6, 7 
[=Paracyclas sp. Pohl, 1929, p. 72, pi. 14, figs. 
22, 23]. Grabau and Shimer, 1909, p. 555, fig. 
760b. Stauffer, 1909, p. 166; 1915, pp. 226,235, 
239; 1916, p. 483. Prosser and Kindle, 1913, p. 
277, pi. 34, figs. 11-14. Williams and Breger, 
1916, p. 257. [not] Butts, 1926, p. 160, pi. 48, 
fig. 27. Cooper, 1930, pp. 133, 233; 1933, p. 


550; 1934, p. 79. Savage, 1930, p. 10, pi. 4, fig. 
20; 1931, pi. 31, fig. 3. Willard, 1939, p. 477, 
etc., pi. 28, figs. 13, 14. Stumm, 1942, p. 557, 
pi. 81, fig. 31. Shimer and Shrock, 1944, p. 423, 
pi. 168, fig. 14. LaRocque, 1950, pp. 308-309. 
Stumm and Wright, 1958, pp. 93, 108. Ellison, 

1965, p. 145, pi. 16, figs. 14-17. Zenger, 1965, 
p. 154, text-fig. 2 [see Zenger’s ref. (omitted 
here) of Upper Devonian occurrences]. Babin, 

1966, p. 285. Rollins, Eldredge, and Spiller, 
1971, p. 134. Bailey, 1975, p. 225; 1978a, p. 
121, tab. 1. Wilson, 1975, p. 143, pi. 272, fig. 
8, pi. 115, fig. 8. 

Paracyclas ( Lucina) lirata Hall [sic]. Lesley, 1889, 
p. 596, 2 figs. 

Paracyclas lyrata [sic] (Conrad). Shimer and Gra¬ 
bau, 1902, p. 159. 

Paracyclas lirata Conrad var. (?) [sic]. Prosser and 
Kindle, 1913, p. 278, pi. 34, fig. 15. 

Paracycles [sic] lirata (Conrad). Branson, 1924, p. 

116, pi. 25, figs. 9, 12 [see P. rowleyi below]. 
Paracyclas litrata [sic] Conrad. Savage, 1930, p. 
97. 

t[?] Lucina occidentalis Billings, 1859, p. 187, fig. 
lb, c. [=L. elliptica Conrad [sz'c] Billings, 1859, 
p. 187, fig. Id. =Paracyclas billingsana Miller, 
1883, p. 311. =P. elliptica var. occidentalis Bil¬ 
lings of Whiteaves, 1892, p. 305, pi. 39, figs. 7- 
10, [not] Hall and Whitfield, 1872.] 
t[??] Paracyclas elongata Nettleroth, 1889, p. 210, 
pi. 2, fig. 8. Kindle, 1901, p. 674. 
t[?] Paracyclas elliptica (Hall). Cleland, 1911 [in 
part], p. 25, figs. 3[?], 4[?], and esp. 5. [=jP. obesa- 
umbonataPobl , 1929,p. 71,pi. 14,figs. 17, 18.] 
t[?] Paracyclas tenuis Hall. Prosser and Kindle, 
1913 [in part], p. 278, pi. 34, fig. 17 [not 16]. 
[?] Paracyclas rowleyi (Branson). McAlester, 1963b, 
p. 994, pi. 126, figs. 1-29, pi. 127, figs. 1-9. 
[=Clinopistha rowleyi Branson, 1924, p. Ill, 
pi. 25, figs. 7, 8. =Modiomorpha missouriensis 
Branson, 1924, p. 114, pi. 25, figs. 3-6, 10, 11. 
=P. elliptica Hall of Branson, 1924 [in part], p. 
115, [not] pi. 36, fig. 1. =P. lirata (Conrad) of 


Fig. 51. A-H. Paracyclas rugosa (Goldfuss). A. A left valve (AMNH 36234) from AMNH loc. 3013. 
B, C. Articulated specimen (AMNH 36233) from AMNH loc. 3014. B. Left valve. C. Right valve. D, 

E. Articulated specimen (AMNH 36235) from AMNH loc. 3012. D. Right valve. E. Distorted left valve. 

F, G. Articulated specimen, upper Coblenz beds, Germany (figures of Beushausen, 1895, pi. 15, fig. 9a, 
b). F. Right valve. G. Left valve. H. Original illustration of Goldfuss, a left valve (as figured by Beu¬ 
shausen, 1895, pi. 15, fig. 10). I, J. Paracyclas elliptica Hall. Internal mold (as figured by Hall, 1885, pi. 
72, figs. 27, 28), Onondaga Limestone, Cayuga, Ontario. I. Left lateral view. J. Dorsal view. K. 
Paracyclas proavia (Goldfuss), Devonian, Germany. Dorsal view showing ligamental area (lga) as figured 
by Beushausen, 1895, fig. 14 (p. 170). L-O. Paracyclas marginata (Maurer). L. Restoration of left hinge 
as figured by Beushausen (1895, fig. 13), enlarged. M. Internal mold, upper Coblenz beds, Niederlahnstein, 
as figured by Beushausen (1895, fig. 13) and used as basis for L. N, O. Left hinges (enlarged) as figured 
by Chavan (after Maurer) in Moore, 1969, fig. El 5, 5a, b, courtesy, the Geological Society of America 
and University of Kansas. 
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TABLE 11 

Measurements (in Millimeters) of Paracyclas 
rugosa (Goldfuss) 


Locality 

Length 

Height 

Width” 

AMNH 3013 

28.7 

28.6 

— 


23.4 

15.4* 

6.5‘ 

AMNH3014 

27.8 

12.5* 

10.3- 


27.9 

— 

— 


25.8* 

12.0* 

7.8 C 

Miscellaneous 

22.4 

21.2 

5.8 

Solsville 

22.5 

25.1 

6.4 


29.9 

16.6* 

12.7- 


* Total width, both valves articulated. 
b Dimension undervalued; specimen vertically com¬ 


pressed. 

c Dimension exaggerated; specimen vertically com¬ 
pressed. 


Branson, 1924, p. 116, pi. 25, figs. 9-12. [?]=P. 
sabini White, 1876, p. 31. All synonyms of P. 
rowleyU sensu McAlester.] 

*[??] Lucina proavia Goldfuss, 1840, p. 226, pi. 
146, fig. 6a, b. [=L. dufrenoyi d’Archiac and de 
Vemeuil, 1842, p. 375, pi. 37, fig. 2, 2a. =Para- 
cyclas proavia (Goldfuss) Beushausen, 1895, p. 

169, pi. 15, figs. 1, 2, and later authors.] [=Para- 
cyclas elliptica Hall, 1843, p. 171, fig. 67, no. 
2; 1883, pi. 72, figs. 23-30; 1885, p. 440, pi. 72, 
figs. 23-33, pi. 95, fig. 18. =Lucina (Paracyclas) 
elliptica var. occidentalis Hall and Whitfield, 
1872, p. 189 (=P. occidentale Hall and Whit¬ 
field of Williams and Breger, 1916, p. 257, not 
Billings, 1859).] [? =P. marginata (Maurer), 
1886, p. 13 (? —P. tenuis Hall, 1883, pi. 72, figs. 
20-22).] [? =P. marylandica Clarke and Swartz, 
1913, p. 660, pi. 66, fig. 25.] [? =P. elliptica 
incerta Pohl, 1929, p. 71, pi. 14, figs. 19, 20.] 
[♦These names, provisionally appended, would 
have to be placed in synonymy if McAlester’s 
(1963b) conclusions are correct. But see discus¬ 
sion below.] 

Description: Shape and prosopon vari¬ 
able. Shells very thin, medium size, equi- 
valve, orbicular, faintly (?)subalate. Um- 
bones small, subcentral, prosogyrous, rising 
slightly above the hinge line. Valve convexity 
slight; articulated specimens often flat, num¬ 
mular. 

Prosopon marked by obscure concentric 
striae lying among numerous coarsely prom¬ 
inent concentric lirae or rugae; regular to ir¬ 
regular. 

Ligament and interior morphology not here 
observed. 


Original microstructure and mineralogy 
unknown. 

Remarks: Although variable, the num¬ 
mular shape and deep prosoponal relief of 
this species are distinctive. Specimens here 
show very thin remnants of the shell. Since 
most examples of this species here and else¬ 
where show obvious compressional distor¬ 
tions, much of the morphologic variation is 
judged to be diagenetic in origin. Such fragile 
shells would have had little resistance to post- 
depositional compaction. 

Hinge, ligament, and internal data are lack¬ 
ing in the Solsville examples and unknown 
elsewhere. Hall (1885, p. 441) gave evidence 
for an external ligament; his plate 95, figure 
19 shows what he believed to be a “ligament 
groove” (Beushausen would have interpreted 
this feature differently; see above) behind the 
beak in each valve which he described as 
“distinctly marked and only moderately di¬ 
vergent from the cardinal margin.” 

Comparisons: The nummular shape and 
sharp concentric prosoponal lirae mark these 
Solsville specimens as typical Paracyclas li- 
rata (Conrad), a widely distributed but poorly 
understood species of the Middle to Upper 
Devonian of eastern and midwestem North 
America. As noted above I regard this species 
as a junior (subjective) synonym of P. rugosa 
(Goldfuss) from the Lower to Upper Devo¬ 
nian of Europe. The identity of the two was 
early recognized by de Vemeuil (1847, p. 695): 
“Lucina rugosa Goldf.: (Posidonia lyrata 
Conr.)—Ces deux coquilles, que nous pos- 
sedons dans notre collection, ne presentent 
pas de differences specifiques. L’une est de 
FEifel; M. Goldfuss la signale dans le calcaire, 
et nous l’avons trouvee dans les schistes qui 
lui sont immediatement inferieurs; l’autre 
appartient au groupe de Hamilton, dans l’Etat 
de New-York, et au calcaire comifere, dans 
celui d’lndiana.” 

These similarities were further noted by 
Beushausen (1895, p. 172): “Ausserordent- 
lich nahe steht, wie schon De Vemeuil er- 
kannt hatte, unserer Art P. lirata Conrad, die 
sich nur durch unregelmassigere Sculptur un- 
terscheidet. Examplare der amerikanischen 
Art, welche mir vorliegen, stimmen sonst mit 
P. rugosa vollig uberein.” 

The identity of the two seems further ce¬ 
mented by the placement of P. lirata in ten¬ 
tative synonymy with P. rugosa by Maillieux 
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(1937) and by the recent remarks of Babin 
(1966, p. 285): “Beushausen pla$a en syn- 
onymie P. lirata Conrad d’Amerique du Nord 
et P. rugosa\ E. Maillieux emet quelque doute 
sur cette equivalence; les deux especes sem- 
blent extremement voisines d’apres la re- 
cente figure donee par D. H. Zenger (1965, f. 
2, p. 154) et P. rugosa parait ainsi avoir une 
tres vaste repartition geographique.” 

These transatlantic similarities are not 
confined to P. rugosa-lirata but are true of 
several other species of Paracyclas as well. 
An evaluation of European and North Amer¬ 
ican species is presented below [see also writ¬ 
er’s English translation ofBeushausen’s (1895) 
descriptions and remarks on European species 
given in Bailey (1975)]: 

1. Paracyclas proavia (Goldfuss), 1840 [=Lu- 
cina ( Paracyclas) proaria [s/c] Goldf. in Hall 
and Whitfield, 1872, p. 189]. Middle Devo¬ 
nian (Eifelian-Givetian), Germany. Shell large 
[two specimens of Beushausen measure (mm.) 
49-52 in length and 44-50 in height], inflated. 
Prosopon concentric, fine, irregular, subfascic- 
ulate. Hinge unknown. Integripalliate, adduc¬ 
tors elliptical; ligament internal, opisthodetic. 
I agree with past authors (e.g., de Vemeuil, 
1847; Beushausen, 1895; LaRocque, 1950; 
Chavan in Moore, 1969) who considered it 
the senior synonym of P. elliptica Hall. 

2. Paracyclas rugosa (Goldfuss), 1837 [=Venu- 
lites concentricus Steininger, 1853]. Lower- 
Upper Devonian (Siegenian-Frasnian), Ger¬ 
many, Belgium, and France. Shell medium to 
small [four specimens of Beushausen (1895) 
measure (mm.) 12-25 in length and 11-23 in 
height], compressed. Prosopon concentric, 
coarse. Hinge and interior unknown. Lecto- 
type, designated by Mauz (1935), is Gold- 
fuss’s plate 146, figure 9a, b (figured by Beu¬ 
shausen and reproduced here as fig. 51H). 

3. Paracyclas marginata (Maurer), 1886. Low¬ 
er-Middle Devonian (Siegenian-Eifelian), 
Germany, Belgium, and France. Lectotype, 
designated by Mauz (1935), is plate 15, figure 
3 of Beushausen (1895). Shell medium [four 
specimens of Beushausen (1895) measure 
(mm.) 16-20 in length and 15-19 in height], 
compressed. Prosopon concentric, fine, 
subfasciculate. Hinge and ligament described. 
Integripalliate, adductors elliptical. Beushau¬ 
sen (1895) remarked at the close similarity of 
this species to a specimen of P. tenuis Hall in 
his possession. Maillieux (1937) speculated 
that the two were identical as did Babin (1966). 
In my opinion P. marginata individuals are 


probably little more than young or stunted P. 
proavia. This seems supported by Babin’s re¬ 
marks on the additional similarities of P. 
marginata to specimens of P. elliptica [=P. 
proavia] as figured by Whiteaves (1892, pi. 
39, figs. 7-10) and LaRocque (1950, pi. 12, 
figs. 1-7). I suspect four species names have 
been applied to what is, in fact, a single bio¬ 
logical species: P. elliptica and P. proavia are, 
respectively, the American and European 
names applied to the adults, whereas P. tenuis 
and P. marginata are the respective American 
and European names for the juveniles. 

4. “ Paracyclas ” antiqua (Goldfuss), 1840 [=Lu- 
cina lineata Goldfuss, 1840, according to 
Roemer (1844) and Beushausen (1895)]. Mid¬ 
dle Devonian (Eifelian-Givetian) of Ger¬ 
many. Shell medium to large [two specimens 
of Beushausen (1895) measure (mm.) 21-44 
in length and 20-41 in height]. Shell irregu¬ 
larly rhomboid; oblique posterior sulcus. Pro¬ 
sopon concentric, fine, irregularly fasciculate. 
Hinge unknown. Adductors elongated, espe¬ 
cially the anterior one. Regarded by Whit¬ 
eaves (1892) and Beushausen (1895) as senior 
synonym of Paracyclas ohioensis (Meek). 
LaRocque (1950) suggested that P. antiqua- 
ohioensis might not be Paracyclas but a mem¬ 
ber species of genus Phenacocyclus LaRocque. 

5. Paracyclas praecursor Beushausen, 1895. 
Lower Devonian (Emsian), Germany. Based 
on a single right valve like P. antiqua but 
lacking the radial sulcus. Hinge and interior 
unknown. Phenacocyclasl 

6. Paracyclas dubia Beushausen, 1895. Upper 
Devonian (Famennian), Germany. Apparent¬ 
ly known only from internal molds. Nuculi- 
form, integripalliate with elliptical adductors 
and single radial sulcus. Prosopon fine, con¬ 
centric. Hinge unknown. 

7. Paracyclas rectangularis (Sandberger and 
Sandberger), 1850-1856. Middle Devonian 
(Givetian), Germany. Based on very few spec¬ 
imens. Inequilateral, nuculiform. Hinge and 
interior unknown. Beushausen (1895) consid¬ 
ered it to be, in part, Nucula [i.e., N. sand- 
bergeri Beushausen] and, in part, a species of 
Paracyclas closely related to P. antiqua [Phe¬ 
nacocyclasl]. 

8. Paracyclas elliptica Hall, 1843 [=P. occiden¬ 
tal Hall and Whitfield of Williams and Bre- 
ger, 1916]. Middle Devonian, eastern North 
America. Shell large [five specimens of Hall 
(1885) measure (mm.) 30-48 in length and 
29-44 in height], inflated. Prosopon concen¬ 
tric, fine, irregularly fasciculate. Hinge un¬ 
known. Integripalliate; anterior adductor ven- 
trally elongate. See P. proavia. P. elliptica var. 
occidentals Hall and Whitfield from the Mid- 
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die Devonian near Louisville, Kentucky [not 
Lucina occidentalis Billings, 1859, from the 
Devonian of Manitoba; although Whiteaves 
(1892) placed this Canadian species in P. el¬ 
liptica, Billings’s figures suggest a closer kin¬ 
ship with P. rugosa-lirata] and is probably 
nothing more than a preservational variant as 
noted in the original description. Hall (1885) 
later admitted that there are no differences of 
varietal importance. 

9. Paracyclas lirata(C onrad), 1838. Middle-Up¬ 
per Devonian (Cazenovian-Fingerlakesian), 
eastern North America. Shell medium [four 
specimens of Hall (1885) measure (mm.) IS¬ 
IS in length and 13-26 in height], com¬ 
pressed. Prosopon concentric, fairly regular, 
coarse. Hinge and interior unknown. See P. 
rugosa. Hall (1885) incorrectly compared it to 
Lucina lineata Goldfuss, a species which Beu- 
shausen (1895) considered a synonym of P. 
antiqua [=Phenacocyclasl\. 

10. “ Paracyclas ” ohioensis (Meek), 1871 [not P. 
ohioensis var. tenuistriata Cleland, 1911 (=11- 
iona tenuistriata (Cleland) Pohl, 1929; 
=Phenacocyclas pohli LaRocque, 1950)]. 
Middle Devonian, upper Midwest of North 
America. Shells small [Hall’s (1885, pi. 72, 
fig. 1 and pi. 95, fig. 24) measure 13 X 12.5 
and 12X11 mm., respectively; the latter could 
be a distorted specimen of Palaeoneilo con- 
strictal, subrhomboid with oblique posterior 
sulcus. Prosopon fine, concentric. Hinge and 
interior unknown. Considered as possibly be¬ 
longing to Phenacocyclas by LaRocque, 1950 
(see P. antiqua) who designated a small spec¬ 
imen (no. 12113G, collections of Columbia 
University, New York) as the lectotype of P. 
ohioensis. However, as his plate 13, figure 3, 
shows, the suggested lectotype has neither the 
shape, prosopon, nor sulcus of P. ohioensis, 
sensu Meek and sensu Hall; instead, it has the 
nummular shape and coarse lirae of a typical 
P. rugosa-lirata and, hence, is unacceptable 
as the lectotype. 

11. Paracyclas tenuis Hall, 1883. Middle Devo¬ 
nian (Hamilton), New York. Shells small [four 
specimens of Hall (1885) measure (mm.) 7- 
10 in length and 7-9 in height]. Prosopon con¬ 
centric, fine, ventrally subfasciculate. Hinge 
and interior unknown. Hall’s plate 72, figures 
20-22, are probably juveniles of P. proavia- 
elliptica (see above); his plate 95, figure 25, is, 
perhaps, a brachiopod (Orbiculoideal). 

12. “ Paracyclas ” chemungensis Hall, 1885. Up¬ 
per Devonian (Chemung), Pennsylvania. 
Based on a single large specimen (30 X 29 
mm.). Hinge and interior unknown. Possibly 
not Paracyclas [compare with Edmondia phi- 


lipi Hall and Whitfield as figured in Hall (1885, 
pi. 95, figs. 1-4)]. 

13. Paracyclas ignota Hall, 1883. Upper Devo¬ 
nian (Chemung), Pennsylvania. Based on a 
single large specimen (41 X 38 mm.). Hinge 
and interior unknown. Prosopon concentric, 
fine, subfasciculate. Probably P. proavia-el- 
liptica. 

14. “ Paracyclas ” rotunda (Hall), 1883. Upper 
Devonian (Chemung), New York. Based on 
two large specimens (one specimen of Hall 
measures 48 X 43 mm.). Hinge and interior 
unknown. McAlester (1962a) placed this 
species in Eoschizodusl chemungensis. 

15. “ Paracyclas ” erecta Hall, 1885. Upper De¬ 
vonian (Chemung), Pennsylvania. Evidently 
based on a single medium specimen (25 X 20 
mm.). Truncate. Two (?)ligamental grooves. 
Hall (1885) compared it to both Paracyclas 
and Schizodus. Affinities indeterminate. 

16. “ ParacyclasT ’ pauper Hall, 1883. Upper De¬ 
vonian (Chemung), New York. Shells medi¬ 
um [three specimens of Hall (1885) measure 
(mm.) 15-22 in length and 14-20 in height], 
subnuculiform, resembling Eoschizodus but 
less angular. Hinge and interior unknown. Af¬ 
finities indeterminate. 

17. Paracyclas elongata Nettleroth, 1889. Middle 
Devonian (Sellersburg), northern Kentucky 
and southern Indiana. Nettleroth’s (pi. 2, fig. 
8) single figure appears to be a diagenetically 
deformed P. rugosa-lirata. He admitted that 
the similarities to P. lirata are strong and sus¬ 
pected that it intergrades with P. elongata. 

18. Paracyclas marylandica Clarke and Swartz, 
1913. Upper Devonian (Jennings Formation), 
Maryland. A probable synonym of P. proav- 
ia-elliptica. The original illustration (pi. 66, 
fig. 25) is convincingly similar, and the au¬ 
thors conceded that it may be regarded as 
merely a “mutation” of P. elliptica. Evidently 
based on a single specimen. 

19. Paracyclas paradoxica Pohl, 1929. Middle 
Devonian (Milwaukee Fm.), Wisconsin. Ev¬ 
idently based on a single, circular internal mold 
of medium size (27 mm. diameter). (?)Ante- 
rior adductor markedly extended ventrally; 
integripalliate. Hinge unknown. 

20. Paracyclas obesa-umbonata Pohl, 1929 [=P. 
elliptica Hall, in part, of Cleland, 1911]. Mid¬ 
dle Devonian (Lake Church Fm.), Wisconsin. 
Shell small to medium (Pohl indicated an av¬ 
erage specimen diameter of 23 mm.), inflated. 
Prosopon concentric, fine, but dominated by 
coarse, regular lirae. Hinge unknown. ^An¬ 
terior adductor ventrally elongated. Com¬ 
bines P. proavia-elliptica and P. rugosa-lirata 
characters but favors the latter. 
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21. Paracyclas elliptica incerta Pohl, 1929. In 
limestone, glacially transported. Based on a 
single, large, composite mold (50 mm. di¬ 
ameter) with the size, form and prosopon of 
P. proavia-elliptica. Pallial line simple, con¬ 
sisting of intermittent radial striae as in P. 
elliptica, sensu stricto. 

22. Paracyclas rowleyi (Branson), 1924 of Mc- 
Alester (1963b). Upper Devonian (Snyder 
Creek Shale) of Missouri. Prosopon, size, and 
inflation intermediate between P. proavia-el¬ 
liptica and P. rugosa-lirata (see discussion be¬ 
low). Hinge, ligament and interior unknown. 


Discussion: As noted above, P. proavia- 
elliptica is placed in questionable synonymy 
with P. rugosa-lirata. Owing to their marked 
differences my reticence in this step is con¬ 
siderable. Reasons for doing so are not mine 
but are based on McAlester’s (1963b) study 
of the Upper Devonian Snyder Creek Shale 
(Missouri), one of the most prolific occur¬ 
rences of Paracyclas known. Here he found 
evidence that prosopon, size, and inflation 
are ecophenotypic characters. He suggested 
P. elliptica and P. lirata are ecophenotypes 
of a single biological species, the larger P. 
elliptica occurring in the purer limestones and 
the smaller, more strongly sculptured P. li¬ 
rata in the shales; hence, in his view, P. lirata 
are perhaps merely stunted P. elliptica. In 
support of this view he noted that his Snyder 
Creek species, P. rowleyi, is intermediate be¬ 
tween these two species not only in mor¬ 
phology but also in lithologic occurrence. 
Elsewhere I can find additional support for 
McAlester’s contention: (1) according to Beu- 
shausen (1895) P. proavia occurs in Europe 
among calcareous sediments and P. rugosa 
among arenaceous or argillaceous sediments; 
(2) specimens which Whiteaves (1892, p. 306) 
reported as “almost exactly intermediate in 
their characters between P. elliptica Hall and 
P. lirata Conrad” were found in an argilla¬ 
ceous limestone of Snake Island (Lake Win- 
nepegosis, Manitoba). However, I can like¬ 
wise find evidence contrary to McAlester’s 
argument: (1) P. obesa-umbonata Pohl, which 
shows the smaller size and coarse lirae of P. 
rugosa-lirata, occurs in the limestones of the 
Middle Devonian Lake Church Formation of 
Wisconsin. (2) Savage (1930) noted the mu¬ 
tual occurrence in a Louisville, Kentucky, 


quarry of both P. elliptica and P. lirata in the 
Silver Creek Limestone, Sellersburg Forma¬ 
tion (lithologically a thin-bedded, argilla¬ 
ceous to dolomitic limestone), and again in 
1931 where his figures (i.e., pi. 31, figs. 3, 11) 
verify his earlier identifications. (3) P. mar- 
ginata-tenuis (probable dwarfs or young of 
P. proavia-elliptica) are found in argillaceous 
or arenaceous deposits of both Europe and 
North America. In conclusion, although 
McAlester’s suggestion is compelling it can¬ 
not at present be confirmed. Hence, I prefer 
to regard P. proavia-elliptica and P. rugosa- 
lirata as specifically distinct pending further 
study. 

Autecology: Although P. rugosa occurs 
in both arenaceous and argillaceous facies of 
the Solsville, its greater abundance in the lat¬ 
ter coupled with the extreme thinness of the 
shells probably reflect a preference for quiet, 
sheltered marine habitats. European occur¬ 
rences suggest that the species flourished in 
a variety of clastic environments. Beushau- 
sen (1895) noted a progressive size increase 
in the species up section from its earliest Ger¬ 
man occurrence in the lower “Coblenz beds” 
(=lower Emsian) to its latest occurrence in 
the upper Frasnian. Erben (1964), Erben and 
Zagora (1967), and Sutton (1968) have shown 
that the Rheinish Devonian sediments have 
a concomitant vertical shift in lithology: 
whereas the Emsian consists of arenaceous, 
shallow, nearshore sediments with a diversity 
of byssally attached bivalves, the overlying 
Eifelian, Givetian, and Frasnian become pro¬ 
gressively more argillaceous and depleted in 
byssally attached taxa. This sedimentary se¬ 
quence has been interpreted by these authors 
as a marine transgression associated with 
subsidence and erosion of the “Old Red Con¬ 
tinent” (=Laurussia sensu Bambach, Scotes- 
ese, and Ziegler, 1980) following the cessation 
of the Caledonian uplifts (see also Bailey, 
1978a, p. 123). Thus it may be assumed that 
while P. rugosa thrived in sandy nearshore 
habitats, it prospered to a greater extent in 
the deeper, quieter pelitic substrates. 

Examples of P. rugosa here (not illustrated) 
and elsewhere (e.g., see Hall, 1885, pi. 72, fig. 
9) frequently show substantial dorsal crush¬ 
ing and resulting lateral bulging of the shells. 
This could only occur if the sedimentary 
compactional forces were acting parallel to 
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the plane of commissure, i.e., if the shells 
were placed upright in the sediment instead 
of reclining on one valve (this conclusion has 
been confirmed by field observation of in situ 
specimens). This shell orientation is similar 
to the usual life position of many lucinaceans 
(e.g., see Stanley, 1970, fig. 18a), i.e., shells 
erect, beaks upright, and suggests that the 
mode of life in Paracyclas may have been 
similar. It may be further supposed that this 
genus, like many other lucinaceans, was a 
nonbyssate filter feeder possessing only a pos¬ 
terior (exhalant) siphon, the inhalant func¬ 
tion being served by a mucus-lined tube in 
the sediment formed anteriorly by the ver¬ 
miform foot (see fig. 5). 


Stanley (1970, fig. 46) has shown that lu¬ 
cinaceans may burrow to depths up to 25 
cm. depending on shell size and habitat. He 
has further shown that they are, in general, 
sluggish burrowers although the smoother, 
less ornamented species seem to burrow with 
greater facility than highly ornamented forms. 
Hence, the concentric rugae in the sculpture 
of P. rugosa suggest especially sluggish bur¬ 
rowing habits. However, they would have in¬ 
creased the frictional resistance of the shell 
in the substrate thereby increasing positional 
stability in thixotropic muds. It is also pos¬ 
sible, however, that they may have acted as 
a rasp in the penetration of firmer, more re¬ 
sistant substrates. 
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